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1.0 FACILITY INFORMATION 


Facility/Project Name: El Dorado Chemical Company / Lapis Energy 


Project Blue Class VI Injection Well No. 1 


 


Facility/Project Contact: Stijn Konings, Chief Geoscientist 


Lapis Energy LP 


2950 N. Harwood St. 


Dallas, Texas 75201 


(972) 757-6529 / skonings@lapisenergy.com 


 


Well Locations: Union County 


El Dorado, Arkansas 


Project Blue Class VI Injection Well No. 1 


Latitude Coordinate: 33.26217733 


Longitude Coordinate: -92.69162567 


This Testing and Monitoring Plan (TMP) describes how Lapis Energy will monitor the 


sequestration project pursuant to 40 CFR §146.90 at the Project Blue site in El Dorado, Arkansas. 


In addition to demonstrating that the injection well is operating as expected, the carbon dioxide 


plume and pressure front are moving as predicted, and there is no endangerment to Underground 


Sources of Drinking Water (USDW), the monitoring data will be used to validate and guide any 


required adjustments to the geologic and dynamic models used to predict the distribution of carbon 


dioxide within the storage complex, supporting the Area of Review (AoR) evaluations and a non-


endangerment demonstration. Additionally, the testing and monitoring components include a leak 


detection plan to monitor and account for any movement of the carbon dioxide outside of the 


storage complex.  


In accordance with 40 CFR §146.90(j), the TMP will be re-evaluated every 5 years (at a minimum), 


or more frequently at the direction of the Underground Injection Control (UIC) Program Director. 


The review process will evaluate whether the current plan will require any amendment. All 


amendments will be approved by the UIC Program Director and incorporated into the currently 


authorized operating permit. 


 



mailto:skonings@lapisenergy.com
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Results of the testing and monitoring activities described below may also trigger responsive actions 


according to the Emergency and Remedial Response Plan [40 CFR 146.94(a)]. 
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2.0 OVERALL STRATEGY AND APPROACH 


This TMP is adapted for the Project Blue site and considers the following site-specific strategy 


and approach:  


• The design principle is risk-based and adaptive. The risk assessment will be concurrently 


reviewed and updated along with the regular AoR and TMP updates. 


• The Injection Zones targeted for this project are made up of the Lower Hosston and Cotton 


Valley Formations. Both these formations are comprised of stacked packages of porous 


and permeable sandstone that are separated by local clay/shale baffles. The initial 


completion is expected to be within the deepest modeled interval of the Cotton Valley 


(CV1) for 5-years, then recompleted upwards into the CV2 for 5-years of injection, then 


into the CV3 for 5-years, and finally the Lower Hosston Injection Zone for 5-years. The 


injection period in any single interval can be extended beyond 5 years until a total injected 


volume of CO2 is reached of 2.5 MM metric tons, without the combined injection period 


in all 4 intervals exceeding the project duration of 20 years. The Lower Hosston Formation 


is overlain by approximately 890 feet of the Upper Hosston Formation, the Sligo 


Formation, the Pine Island Formation, and the Rodessa Formation. Note that the Pine 


Island and Rodessa Formations are successively truncated against the Lower Cretaceous 


Unconformity in the northern portions of the project area. 


• The performance of the Lower Hosston Sandstone in accepting injection fluids is well 


known. This is based on the formation being historically (and currently) used for injection 


of Class I wastewaters for over 30 years with only low-pressure buildup in the permitted 


injection interval.  


• The project area is free of faulting at seismic resolution within the delineated AoR and 


larger site of investigation performed as part of the site characterization. Several 


reprocessed two-dimensional seismic lines are located across the immediate project area 


and were used in the site characterization analysis. Interpretation of the data indicates that 


there is no faulting across either the Injection Zones or the Confining Zones (i.e., the 


Sequestration Complex). 
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• In the Union County area, the multiple sandstones of the Upper Cretaceous contain 


hydrocarbons. The proximal hydrocarbon production areas are located north, west, and 


south of the immediate project area. However, most of these wells are less than +/- 3,000 


feet in depth and do not penetrate the Injection Zone(s).  


• The upper Confining Zone for the sequestration complex is comprised of the Rodessa/Pine 


Island/Sligo/Upper Hosston and is located between the Lower Hosston and the Upper 


Cretaceous Unconformity which lies at the base of the Upper Cretaceous section. For this 


Class VI application, this group of strata is referred to as the Lower Cretaceous Sequence 


Boundary (LCSB) and this unit is of regional extent and is geologically suited to contain 


injected CO2. See Module A – “Project Narrative” for additional information. 


• The Tokio Formation, directly overlaying the LCSB Confining Zone, is a blanket 


sandstone unit. This formation in the project area is saline and serves as a buffer aquifer 


situated between the top of the Sequestration Complex and the USDW.  


• The Sparta Formation is the deepest confirmed USDW and is well known as a groundwater 


resource in southern Arkansas. It is separated from the underlying Cretaceous section by 


the Midway Shale, an extensive, regional shale that extends throughout the Gulf Coast 


area. The Sparta Formation (USDW) will be monitored during the baseline, injection, and 


post-injection phases of the project to confirm that the groundwater resource has not been 


impacted as a result of the carbon dioxide injection activities. 


• The Wilcox Group underlying the Sparta Formation is a known saline aquifer within the 


area and is also separated from the underlying Cretaceous section by the extensive Midway 


Shale. The Wilcox Group is utilized as a receiving unit for brine disposal via injection wells 


(USGS, 1984). There are no known water supply wells or potable use of this aquifer; and 


therefore, no monitoring of the Wilcox Group is anticipated for this project. 


• Natural seismicity in the area is exceedingly low. However, induced seismicity, from 


hydrocarbon and saltwater injection, is known to have occurred to the southeast of El 


Dorado in the time period from 1983 to the present. As part of the site-specific TMP 


regional seismicity will be monitored annually using public sources for any change in 


occurrence or frequency of seismic events. Only if a change in frequency of seismic events 
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occurs, will additional site-specific monitoring of local events be undertaken by the Lapis 


Energy. The University of Memphis Center for Earthquake Research and Information has 


a permanent helicorder located at the Richland Creek Farm in El Dorado as a part of the 


Arkansas Seismic Network Project. It records seismicity in the El Dorado, Arkansas area 


twice per day and may indicate changes in seismicity due to carbon dioxide injection at 


Project Blue. 


• The proposed injection well will create a composite carbon dioxide plume and an area of 


elevated pressures surrounding the injection well. Both the carbon dioxide plume and the 


AoR perimeter will be reviewed throughout the lifetime of the project to account for the 


potential to intersect additional existing (legacy) wells. The injected CO2 is not expected 


to migrate to any legacy well that could permit vertical migration of CO2. Key monitoring 


activities will provide: 


a) validation of the magnitude and area of pressure increase during injection, and  


b) documentation of the extent of the carbon dioxide plume during injection and 


subsequent stabilization during the post-injection monitoring period. 


The proposed monitoring network for the project is composed of the elements listed below in 


order, from deepest and closest to the Project Blue Injection Well, to the shallowest and furthest 


away. The overall concept for the monitoring well plan is shown in cross section view in Figure 


1.  


The monitoring well network locations are shown in Figure 2. The elements of the proposed 


monitoring network, for the project, are described below, in order, from the deepest and closest to 


the point of injection to the shallowest and farthest away from the point of injection. 


In-Zone (IZ) Monitoring  


Direct Monitoring 


• IZ monitoring at the injection well will assure that the wells are performing as intended, 


which is to deliver the carbon dioxide to the subsurface storage intervals (Injection Zones), 


and measure the pressure response in the reservoir intervals, a key model match parameter. 


A downhole pressure gauge and injection logging in the constructed injection well will be 
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used to collect real-time, continuous data that will be used to assess reservoir response to 


injection. The gauge will be referenced to ground level. 


• Two IZ monitoring wells will validate the model of growth of sequestered carbon dioxide 


plume and the growth of the AoR over time (locations in Figure 2). Real-time, continuous 


IZ pressure-monitoring will be performed initially outside of the carbon dioxide plume. As 


shown on Figure 2, one in-zone monitoring well will be placed in the up-dip direction near 


the northeastern property boundary and a second monitoring well will be placed southwest 


(down dip) of the injection well. 


• One of the IZ monitoring wells will be located up-dip of the injector and re-completed in 


the Schuler Drilling, EDC No. 1 well. The position of this well is such that the developing 


plume may intersect the well during the project injection and post-injection monitoring 


period. The second monitor well will be placed downdip of the injection location and is 


unlikely to encounter the CO2 plume.  


• Native formation fluid will be sampled during the IZ monitoring well drilling campaign 


(for each injection zone) for pre-injection site characterization.  


These IZ monitoring wells will also provide direct measurement for the sequestered plume, when 


or if, the sequestered carbon dioxide plume ever reaches either monitoring well location. Should 


either well begin to show the presence of carbon dioxide (either by change in downhole pressure 


and temperature or by surface pressure and temperature), an adaptive fluid sampling program will 


be triggered in the affected well(s). Work will be conducted by a qualified Vendor and the selected 


analytical laboratory will be an Arkansas Accredited Laboratory. 


Indirect Monitoring 


• Indirect monitoring will be used to assess the performance of the sequestration complex to 


ensure that it is operating as intended. Indirect plume monitoring will be employed in the 


injection well and the “in zone” monitoring wells to define the location, extent, and 


thickness of the sequestered carbon dioxide. Pulsed neutron capture logs will be used to 


monitor carbon dioxide saturation at the injection well and in the two IZ monitoring wells. 


Saturation logging in the two IZ monitoring wells will help in understanding the larger 
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scale flow distribution in the sequestration complex 


• The areal distribution of the carbon dioxide plume in the Injection Zone(s) will be 


determined using time-lapse seismic techniques. Substitution of carbon dioxide for brine 


within sandstones and limestones at similar project depths is well documented to produce 


a strong change in acoustic impedance (Vasco et al., 2019). Leading-edge techniques for 


time-lapse imaging of carbon dioxide plumes developed during implementation of the 


Regional DOE Partnership projects include time-lapse vertical seismic profiling (Daley 


and Korneev, 2006; Gupta, et al., 2020), azimuthal vertical seismic profiling (Gordon, et 


al., 2016), and sparse array walk-away surveys or scalable, automated, semipermanent 


seismic array “SASSA” (Roach, et al., 2015; Burnison, et al., 2016; Livers, 2017; Adams, 


et al., 2020). 


• At a minimum, during the acquisition of walk-away vertical seismic profiling and/or sparse 


array walk-away surveys, the array of acoustic source sites will be oriented along the 


maximum and minimum orientations of the modeled plume and will be adjusted following 


a review of the results of each survey. Survey frequency will be dependent on the 


monitoring method chosen and reevaluated after each survey (adaptive program). It is 


expected that for walk-away vertical seismic profiling and sparse array walk-away 


techniques, the frequency will be an initial baseline survey, followed by 5-year intervals 


thereafter. The schedule of surveys can be adjusted if monitoring observations warrant. 


Above-Confining Zone (ACZ) Monitoring Interval  


• ACZ monitoring will occur in a well drilled and completed in the basal Tokio Sandstone 


on the El Dorado Chemical Company (EDCC) property. The initial ACZ monitoring zone 


for the sequestration project is a porous interval in the Tokio Sandstone located at a depth 


of 2,900 to 3,000 feet below ground level that is located stratigraphically just above the 


Lower Cretaceous Unconformity. The ACZ monitoring well shall be located near the point 


of carbon dioxide injection, where elevated formation pressure would be the greatest.  


• The ACZ monitoring well will be outfitted with real-time, continuously recording 


downhole pressure/temperature gauge. The gauge will be referenced to ground level. 


Native formation water will be sampled initially upon well construction (including testing 
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for dissolved gases) for baseline characterization purposes. An initial baseline 


characterization of the Tokio will be performed. Quarterly baseline sampling will be 


performed prior to injection of carbon dioxide.  


• The ACZ monitoring will be monitored quarterly following initiation of injection of carbon 


dioxide for any changes in water quality and composition. An adaptive fluid sampling 


program will be initiated with more frequent monitoring events should indications of 


carbon dioxide be suspected. Field sampling work will be conducted by a qualified Vendor 


and the selected analytical laboratory will be an Arkansas Accredited Laboratory. 


Underground Sources of Drinking Water (USDW) Monitoring  


• Aquifers in the area consist of the Greensand and El Dorado aquifers of the Sparta 


Formation, which are collectively referred to as the single Sparta Formation USDW. Public 


water supply in the area is supplied by El Dorado Water Utilities with partial supply from 


the Greensand and El Dorado aquifers (ADH, 2021). The EDCC owns and operates 


approximately 3 on-site and 11 off-site water supply wells (WSWs) within the AoR, all 


screened within the Sparta Formation USDW. Groundwater samples will be collected from 


a subset of these EDCC wells during the baseline, injection, and post-injection phases of 


the project. EDCC WSWs located within the larger extent of the AoR will be sampled 


during the baseline phase of the CCS project, while a focused subset within the projected 


extent of the 10-year and 100-year carbon dioxide plumes will be sampled during the 


injection and post-injection phases. An adaptive groundwater sampling program will be 


initiated with more frequent monitoring events should indications of carbon dioxide be 


suspected in the Tokio Sandstone (via the ACZ monitor well) or in the near-surface 


monitoring points. 


2.1 MONITORING DETAILS 


Lapis Energy will sample and record injection and monitoring operations using a SCADA 


distributive control system (or similar). Operations will be monitored at a central control room and 


data will be recorded in real-time. An archiver may be used to reduce the data stream size for long 


term data storage. To ensure that permit limits are not exceeded, the distributive control system 


will consist of safe-set controls and alarms that are set to values safely below regulatory 
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requirements. All gauges and equipment related to injection and monitoring operations will be 


calibrated per each manufacture’s specifications and the calibration records will be maintained at 


the facility.  


2.2 REPORTING PROCEDURES 


Lapis Energy will report the results of all testing and monitoring activities to the UIC Program 


Director in compliance with the requirements under 40 CFR §146.91. Table 1 is an overview of 


the monitoring and reporting frequency program discussed within this plan. 


Table 1: Testing and monitoring reporting overview  


Parameters Monitored Monitoring Program 
Monitoring & Reporting 


Frequency a 


Carbon Dioxide Stream Analysis [40 CFR §146.90(a)] 


Chemical and Physical 


Composition of CO2 Stream 


Compositional analysis of the injected 


CO2 stream using non-destructive 


Chromatographic detector 


Quarterly or as process changes 


or additional sources are 


included in the injection  


stream. 


Semi-annual reporting. 


Continuous Recording of Operational Procedures [40 CFR §146.88(e)(1), §146.89(b), and §146.90(b)] 


Injection Parameter Monitoring 


Pressure and temperature gauge, mass 


flow meter with alarms for measurements 


outside of the normal operating 


conditions 


 


Continuous monitoring. 


 


Summary monthly statistics 


prepared. 


 


Semi-annual reporting. 


Annulus Pressure Monitoring  


Annulus pressure gauge 


Annular Fluid Volume Measurements 


Corrosion Monitoring [40 CFR §146.90(c)]  


Coupon Testing 


Flow-through corrosion coupon using 


injection well construction materials. 


 


Utilize corrosion inhibitors in all fluids 


during well workovers.  


Quarterly analysis during 


injection operations. 


 


Additionally, as new sources 


added to stream. 


Above Confining Zone Monitoring ACZMI  [40 CFR §146.90(d) and §146.90(f)(3)] 
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Parameters Monitored Monitoring Program 
Monitoring & Reporting 


Frequency a 


Tokio Formation  


 


Downhole temperature and pressure  


 


Fluid analysis on a quarterly basis and 


adaptive if triggered by pressure or 


temperature signal 


Continuous real time pressure 


monitoring. 


 


Fluids sampled on a quarterly 


basis. 


 


USDW Monitoring [40 CFR §146.90(d)] 


Water Supply Wells 


(Sparta Formation) 


Water analysis from USDW Monitoring 


Wells (EDCC WSWs)  


Baseline: Quarterly 


 


Injection: Quarterly for 1st 2 


years in new injection zone; 


annually thereafter 


 


Post-Injection: Annually 


 


Semi-annual reporting. 


 


External Mechanical Integrity [40 CFR §146.89(c)] and §146.90] 


Well Integrity 
Annulus Pressure Tests, Radioactive 


Tracer Survey, Temperature Survey 


Annually and after all well 


workover operations that 


change well configuration. 


Pressure Falloff Test [40 CFR §146.90(f))  


Reservoir transmissivity and 


pressure. 


Pressure Falloff Test, Static and Flowing 


Bottomhole Pressures 


Baseline: test after well 


completion. 


 


Every 5-years thereafter. 


CO2 Pressure and Plume Front [40 CFR §146.90(g)] 


Project Blue injection well 


Two IZ monitor wells  
Direct Pressure Monitoring Continuous 


Project Blue injection well 


Pulsed Neutron Logging 


Repeat Seismic 


Indirect Monitoring 


Baseline, 1 year, 3 years, 5 


years, and then every 5 years 


thereafter 
a Data archiver may be used to reduce data streams 


 


2.3 QUALITY ASSURANCE PROCEDURES 


A quality assurance and surveillance plan (QASP) for all testing and monitoring activities, required 


pursuant to §146.90(k), is provided in Appendix 1 – Quality Assurance and Surveillance Plan 


(QASP) to this TMP.  
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3.0 CARBON DIOXIDE STREAM ANALYSIS 


Lapis Energy will analyze the composite carbon dioxide stream during the operational period to 


yield data representative of its chemical and physical characteristics and to meet the requirements 


of 40 CFR §146.90(a). A baseline sample of the carbon dioxide stream will be evaluated and tested 


prior to initiation of injection operations at the facility.  


3.1 CARBON DIOXIDE SAMPLING LOCATION AND FREQUENCY 


The injected carbon dioxide will be continuously monitored at the surface for pressure, 


temperature, and flow volumes. Sampling will be performed upstream or downstream of the 


flowmeter to analyze the gas composition. Sampling procedures will follow protocols to ensure 


the sample is representative of the injected carbon dioxide stream. 


The frequency of carbon dioxide sampling will be conducted on a quarterly basis commencing 


with the initiation of injection operations. This equates to a schedule as follows: 


1. Sample No. 1: 3 months after start of injection 


2. Sample No. 2: 6 months after start of injection 


3. Sample No. 3: 9 months after start of injection 


4. Sample No. 4: 12 months after start of injection 


The schedule will then repeat using this quarterly sample cycle. When known changes to the 


injected stream occur (i.e., source changes and/or additions/deletions to the existing stream), 


sampling will also be performed for verification of the chemical and physical properties of the 


modified stream. This will determine if there are changes to the stream that need to be accounted 


and tested for to update and compare to the baseline conditions. The proposed sample frequency 


is sufficient to characterize the carbon dioxide stream and account for any potential changes to a 


representative data.  


Density measurements at the mass flow meter greater than normal variability and not correlated to 


thermal variations also will trigger sampling of the injection stream. The isotopic composition of 


carbon in CO2 (δC12/C13) ratio and C14 will be measured for baseline and repeated only if new 


sources are added. 
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3.2 CARBON DIOXIDE ANALYTICAL PARAMETERS 


Lapis Energy will contract a Vendor to analyze the carbon dioxide for the constituents identified 


in Table 2 using the methods listed (or equivalent). If the constituents are not found in initial 


analysis or are screened out at the source prior to injection, this will be documented and with the 


prior approval of the UIC Program Director, they will be removed from the list of analytical 


parameters. 


Table 2: Summary of potential analytical parameters for CO2 stream 


Parameter Analytical Method(s)1 


Carbon Dioxide (CO2) 


ISBT2 2.0 Caustic absorption Zahm-Nagel 


ALI method SAM 4.1 subtraction method (GC/DID) 


GC/TCD 


Oxygen (O2) ISBT 4.0 (GC/DID) GC/TCD 


Nitrogen (N2) ISBT 4.0 (GC/DID) GC/TCD 


Hydrogen Sulfide (H2S) ISBT 14.0 (GC/SCD) 


Sulfur dioxide (SO2) ISBT 10.1 (GC/FID) 


Methane (CH4) ISBT 10.1 (GC/FID) 


Total hydrocarbons (C2H6, C3H8+) ISBT 10.0 THA (FID) 


Hydrogen (H2) ISBT 4.0 (GC/DID) GC/TCD 


Carbon Monoxide (CO) ISBT 5.0 Colorimetric ISBT 4.0 (GC/DID) 


Nitrogen Oxides (any (NOx) ISBT 7.0 Colorimetric 


Carbon isotopic composition δC13 and C14 
Measured once and when a significant new source is added. 


Used for attribution during monitoring 


 1 An equivalent method may be employed with the prior approval of the UIC Program Director, such as 


ASTM Standards 


 2 International Society of Beverage Technologists (ISBT) Carbon Dioxide Guidelines MBAA TQ vol. 39, no. 


1, 2002, pp. 32-35 as cited in ISO/TR 27921: 2020(en). Carbon dioxide capture, transportation, and 


geological storage — Cross Cutting Issues — CO2 stream composition 


 


3.3 CARBON DIOXIDE SAMPLING METHODS 


Sampling will be performed from a tap located upstream or downstream of the flowmeter and will 


follow protocols to ensure the sample is representative of the injected carbon dioxide stream. 


Sample collection procedures will be provided in detail by a certified laboratory Vendor, who will 
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be determined prior to injection authorization. Sampling methods and equipment will meet the 


standards and limits provided within the attached QASP (Appendix 1). 


3.4 CARBON DIOXIDE ANALYSIS PROCEDURES AND CHAIN OF CUSTODY 


Samples will be analyzed by a third-party laboratory accredited by the Arkansas Department of 


Environmental Quality (https://www.adeq.state.ar.us/techsvs/lab_cert/) or the International 


Organization for Standardization (ISO) using standardized procedures for gas chromatography, 


mass spectrometry, detector tubes, and photo ionization. Detection limits will be dependent on 


equipment facilitated for the analytical methods by the selected qualified Vendor. However, all 


Vendors will meet the minimum levels set forth in the QASP (Appendix 1). 


The sample chain-of-custody procedures will be dependent on Vendor selection as they will 


assume the custody of the samples. The procedures will document and track the sample transfer to 


laboratory, to the analyst, to testing, to storage and to disposal (at a minimum). A sample chain of 


custody procedures is contained in the QASP (Appendix 1). 
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4.0 CONTINUOUS RECORDING OF OPERATIONAL PROCEDURES 


Lapis Energy will install and use continuous recording devices to monitor injection pressure, 


injection rate (mass flow), and volume; the pressure on the annulus between the tubing and the 


long string casing; the annulus fluid volume added; and the temperature of the carbon dioxide 


stream, as required at 40 CFR §146.88(e)(1), §146.89(b), and §146.90(b). 


Injection rates and pressures will be monitored such that they do not exceed the values set by the 


permit. All aspects of the injection process will be monitored, recorded, and if necessary, shut 


down in the event the normal operating range is exceeded. Surface pressure and temperature will 


be measured continuously. The injected volume will be determined from a mass flow meter for 


each well that will be installed on the injection supply line. 


4.1 MONITORING LOCATION AND FREQUENCY 


Lapis Energy will perform the activities identified in Table 3 to monitor operational parameters 


and verify internal mechanical integrity of the injection well. All monitoring will take place at the 


locations and frequencies shown below.  


Table 3: Sampling devices, locations, and frequencies for continuous monitoring 


Parameter Device(s) Location 
Min. Sampling1 


Frequency 


Min. Recording2 


Frequency 


Injection Pressure 


(surface) 
Pressure Gauge Wellhead/Flowline 1 minute 30 minutes 


Injection Pressure 


(downhole) 
Quartz Pressure Gauge Near Perforations 1 minute 30 minutes 


Injection Rate  
Mass Flow 


Meter/Computer 
Flowline 1 minute 30 minutes 


Injection Volume  
Mass Flow 


Meter/Computer 
Flowline 1 minute 30 minutes 


Annulus pressure Pressure Gauge Wellhead 1 minute 30 minutes 


Annulus fluid volume Fluid Level Measure Annulus Tank 1 minute Daily 


CO2 stream temperature  
Mass Flow 


Meter/Computer 
Wellhead/Flowline 1 minute 30 minutes 


Downhole Temperature Temperature Gauge Near Perforations 1 minute 30 minutes 
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Parameter Device(s) Location 
Min. Sampling1 


Frequency 


Min. Recording2 


Frequency 


If Deployed on Injection Well 


Changes in Rayleigh 


scattering resulting 


from distributed strain 


indicative of wave 


arrival 


DAS optical fiber 
Installed on outside 


of casing 


As designed for 


acoustic survey 


As designed for 


acoustic survey 


Changes in Rayleigh 


scattering indicative of 


temperature change 


DAS optical fiber 
Installed on outside 


of casing 
Hourly Daily 


1 Sampling frequency refers to how often the monitoring device obtains data from the well for a particular parameter. for 


example, a recording device might sample a pressure transducer monitoring injection pressure once every two seconds 


and save this value in memory. 
2 Recording frequency refers to how often the sampled information gets recorded to digital format (such as a computer 


hard drive). for example, the data from the injection pressure transducer might be recorded to a hard drive once every 


minute. Note a data archiver may be used to reduce data stream size for long term storage. 


 


Continuously recorded injection parameters will be reviewed and interpreted on a regular basis, to 


evaluate the injection stream parameters against permit requirements. Trend analysis will also help 


evaluate the performance (e.g., drift) of the instruments, suggesting the need for maintenance or 


calibration.  


Basic calibration standards, precision, formulas, conversion factors, and tolerances for measuring 


devices and analysis are included in the QASP (Appendix 1) but will be dependent on specific 


qualified Vendor selection. Calibrations will be per manufacturers specifications and frequency. 


4.2 MONITORING DETAILS 


For each of the parameters that are required to be continuously monitored, such as injection 


pressure, injection rate, injection volume, annular pressure, annulus fluid volume, and 


carbon dioxide stream temperature, these will be monitored and recorded using a SCADA 


distributive control system (DCS) or similar. Results of the monitoring activities will be 


submitted to EPA in a semi-annual report for each of the following parameters: 
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• Monthly average, maximum, and minimum values for injection pressure, flow rate, 


and volume [40 CFR §146.91(a)(2)]. 


• Monthly average, maximum, and minimum values for annulus pressure, in 


compliance with 40 CFR §146.91(a)(2). 


• A description of any event that exceeds operating parameters for annular pressure 


or injection pressure specified in the permit, in compliance with 40 CFR 


§146.91(a)(3). 


• A description of any event that triggers a shut-off device required pursuant to 40 


CFR §146.88(e) and the response taken. 


• The monthly volume and/or mass of the carbon dioxide stream injected over the 


reporting period and volume injected cumulatively over the life of the project [40 


CFR §146.91(a)(5)]. 


• Monthly annulus fluid volume added or gained [40 CFR §146.91(a)(6)]. 


Automatic alarm and automatic shutoff systems will be designed and installed to trigger an audible 


alarm in the event that pressures, flow rates, or other parameters, designated by the Executive 


Director, exceed the normal operating range specified in the injection permit per 40 CFR 


§146.88(e)(2). If an alarm or shutdown is triggered, Lapis Energy will immediately investigate 


and identify the cause of the alarm or shutoff (Please see the “E.4-Emergency and Remedial 


Response Plan” [40 CFR §146.94 (a)] submitted in Module E for details).  


4.2.1 Injection Rate, Volume, and Pressure Monitoring 


Injection rates, volumes, and pressures will be set and limited to safe operating values below those 


specified in the authorized permit. All gauges, pressure sensing devices, and recording devices 


will be tested and calibrated as specified by the manufacturer. Test and calibration records will be 


maintained at the facility. All instruments will be housed in weatherproof enclosures, where 


appropriate, to limit damage from outside elements and events. The flow meters and pressure 


gauges will continuously record data that will be sent to a distributive control system.  
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Downhole flowing pressures into the reservoir will be monitored by a gauge installed near the 


perforations in the injection well. Gauges will be referenced to ground level at each well. 


Downhole pressure monitoring will protect the Injection Zone against over-injection as the carbon 


dioxide becomes denser. If a retrievable gauge is used, pressure gauge(s) will be periodically 


calibrated according to manufactures instructions and corrected for drift.  


If permanent unretrievable downhole gauges are used, those gauges will be calibrated by 


comparison to a wireline deployed gauge run to the same depth in concert with mechanical 


integrity testing events. Static gradient stops will be made with the wireline deployed gauge to 


verify fluid column density for pressure to depth corrections. Downhole pressure gauge data will 


provide real-time information for verification of model predictions and AoR reevaluations. 


4.2.2 Annulus System Monitoring 


The purpose of the annulus system is to maintain a positive pressure on the tubing by the casing 


annulus of at least 100 psi in excess of the tubing pressure. This will prevent fluid movement from 


the tubing out into the casing, which will prevent contamination of freshwater sands in the event 


of well casing or injection tubing failure.  


Integrity of the well's annulus system is achieved by monitoring of the annulus system at the 


wellhead. Annulus monitoring equipment used for the injection well includes an annulus tank, an 


annulus pump (small volume/high pressure), well flow meters, pressure monitoring cells, and 


pressure control valves. Alternate annulus construction may use a pressurized nitrogen system to 


maintain a constant pressure on the annulus. The annulus pressure will be monitored continuously. 


Deviations from expected changes could indicate a potential loss of mechanical integrity in the 


well annulus system. Observed deviations will initiate a well shutdown and investigation to 


determine the root cause of the observed deviation. Details are contained in the “E.4-Emergency 


and Remedial Response Plan” [40 CFR §146.94(a)] in Module E. 


Annulus brine tank fluid levels (and volumes) will be monitored for indications of system 


losses/gains and recorded daily. 
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5.0 CORROSION MONITORING 


Per the requirements of 40 CFR §146.90(c), Lapis Energy will monitor well materials during the 


operational period. This will be accomplished by using corrosion coupons of well construction 


materials, which will be monitored for loss of mass and thickness, and will be visually inspected 


for evidence of cracking, pitting, and other signs of corrosion. This testing will ensure that the well 


components meet the minimum standards for material strength and performance. The coupon 


monitoring program is described in the following sections. 


5.1 MONITORING LOCATION AND FREQUENCY 


Coupon samples of the well construction materials (well casing, tubing, and any other well parts 


in contact with carbon dioxide, such as the packer and wellhead) will be mounted in a tray located 


in the common flowline to the injection well, upstream of the flow distribution header. The tray of 


coupons will be in contact with the carbon dioxide stream during all injection operations. This will 


ensure that the tray location will provide representative exposure of the samples to the carbon 


dioxide composition, temperature, and pressures that will be seen at the wellhead and injection 


tubing. The holders and location of the system will be included in the pipeline design and will 


allow for continuation of injection during sample removal for testing.  


The frequency of corrosion coupon collection and testing will be conducted on a quarterly basis 


per 40 CFR §146.90(c). Baseline measurements on all coupon samples will be made prior to 


initiation of injection of carbon dioxide. Commencing with the initiation of injection operations, 


the initial monitoring event will occur at the end of the first calendar quarter (even if less than 3 


months). Subsequent monitoring will occur at the end of each calendar quarter. This equates to a 


schedule as follows:  


• March 31 – End of Calendar 1st Quarter 


• June 30 – End of Calendar 2nd Quarter  


• September 31 – End of Calendar 3rd Quarter 


• December 31 – End of Calendar 4th Quarter  
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The schedule will then repeat using this quarterly sample cycle for the lifetime of the injection 


operations. Coupon compositions and details will be specified as part of conveyance pipeline and 


final well design.  


5.2 SAMPLE DESCRIPTION 


Lapis Energy is proposing that a corrosion coupon (weight loss) technique will be used for 


monitoring purposes, as it is the best known and simplest of all corrosion monitoring techniques 


(the alternative is to use flow line loops). The corrosion monitoring system will be located 


downstream of all process compression/dehydration/pumping equipment (i.e., at the beginning of 


the flow distribution header to the injection well). This will allow for monitoring at a single 


location for the injection well. Corrosion coupons representative of the well construction materials 


(Table 4) will be inspected, photographed, and weighed prior to placement into the flowline to 


establish a baseline. Prior to installation of the corrosion monitoring system, the following 


information will be recorded:  


1) Coupon Serial Number; 


2) Installation date; 


3) Identification of the location of the system; and 


4) Orientation of the coupon holder. 


The coupon method involves exposing a specimen sample of material (the coupon) to a process 


environment for a given duration, then removing the specimen for analysis. The corrosion 


monitoring plan will be implemented following the initial installation of the test coupons in the 


flowline, as follows:  


1)  Consult maintenance schedule to determine when to remove test coupons from 


corrosion monitoring holders (coincident with end of calendar quarter); 


2)  Remove and inspect coupons on a calendar quarterly basis and quantitatively 


evaluate for corrosion according to ASTM G1 – 03 (2017) or NACE Standard 


RP0775-2005 Item No. 21017 standards guidelines; 
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3)  Place coupons in proper receptacle for safe transport to measurement and 


weighing equipment; 


4)  Photograph each coupon as received. Visually inspect each corrosion coupon 


for any pitting, stress corrosion cracking or scale buildup. Analyze corrosion 


coupons by weighing each coupon (to the nearest 0.0001 gram) and measuring 


the length, the width, and the height of the coupon (to the nearest 0.0001 inch); 


5)  Record information for each coupon including the date of measurement, the 


coupon identity (coupon number and metal grade), and the coupon weight in 


grams, and include any observations of excessive weight loss or pitting, stress 


corrosion cracking, or scale buildup; 


6)  Determine if current the corrosion coupon can be returned to the monitoring test 


holder, if so, make a note of the coupon return; if not, make a note of the 


installation of a new coupon. 


Table 4: List of equipment coupon with material of construction 


Equipment Coupon  Material of Construction  


Surface Piping “as built” material in contact with CO2 


Wellhead  Chrome alloy, or “as built” trim material in contact with CO2 


Injection Tubing Chrome alloy, or “as built” material in contact with CO2 


Packer Chrome alloy, or “as built” trim material in contact with CO2 


 


Samples will be collected by trained and authorized personnel and submitted to a third-party 


analytical laboratory for analysis. Results of the analysis will be compared to the pre-project 


baseline of the coupons. Basic details regarding the laboratory analysis are explained in the 


attached QASP, however, specific details will be provided and updated by the selected corrosion 


laboratory Vendor. Results will be submitted through the GSDT semi-annual reporting portal. The 


UIC Program Director will independently assess the results of the corrosion monitoring program 


to assess the integrity of the injection well. 
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5.3 ALTERNATIVE TESTS 


In accordance with 40 CFR §146.90, Lapis Energy may run a casing inspection log(s) to determine 


the presence, or absence, of corrosion in the protection (longstring) casing whenever the tubing is 


pulled from the well, or at the request of the UIC Program Director. Proposed casing inspection 


logs may include multi-finger caliper, ultrasonic imaging, magnetic flux leakage, and 


electromagnetic imaging tools, as they are the industry standard for determining casing thickness 


and for identifying internal and external corrosion. The log(s) will be compared to those run during 


the initial construction of the well (40 CFR §146.87). Additional inspection logging programs may 


be implemented, should the coupons show undue corrosion in excess of the design-life criteria.  


Alternative testing, other than those listed above, may be conducted with the written approval of 


the UIC Program Director. To obtain approval for alternative testing, ahead of any proposed 


testing, Lapis Energy will submit a written request to the UIC Program Director setting forth the 


proposed test and all technical data supporting its use.  
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6.0 ABOVE CONFINING ZONE (ACZ) MONITORING 


6.1 ACZ MONITORING – TOKIO SANDSTONE FORMATION 


Lapis Energy will monitor pressure and temperature in a sandstone developed within the basal 


Upper Cretaceous Tokio Formation , immediately above the Confining Zone. This will allow for 


early detection of any out-of-zone movement of either carbon dioxide or intraformational fluids 


above the Confining Zone and out of the sequestration complex. The basal Upper Cretaceous 


Tokio Sandstone is generally a blanket sand within the area of the injected carbon dioxide plume 


and the AoR. The Tokio Sandstone will be monitored in a dedicated ACZ monitor well located on 


the EDCC property, near the Project Blue injection well. The well will be engineered for 


continuous monitoring and set up for fluid sampling on a quarterly basis. 


The well will be fitted with a real-time, continuously recording downhole pressure/temperature 


gauge for the Tokio Sandstone. The gauge will be referenced to ground level. Alternately, a “light” 


fluid column may allow monitoring and recording pressures at surface. The method is dependent 


on if the monitor well can support a “light” fluid to surface. Native formation water from the Tokio 


Sandstone will be sampled initially upon well construction (including a quantification of dissolved 


native gases) for baseline characterization purposes. 


Changes in water composition are not expected in the basal Tokio Sandstone. However, the ACZ 


monitor well will provide direct measurement, when or if, the sequestered carbon dioxide or deeper 


formation brines ever vertically migrate upwards to the base of monitored interval. Baseline and 


quarterly fluid sampling will be conducted in the ACZ monitor well. Baseline sampling will be 


performed prior to initiation of sequestration injection. Should the well begin to exhibit the 


presence of carbon dioxide (either by change in downhole pressure and temperature or by surface 


pressure and temperature changes or a change in water quality), an adaptive fluid sampling 


program will be initiated with more frequent monitoring events. Field sampling work will be 


conducted by a qualified Vendor and the selected analytical laboratory will be compliant with the 


Arkansas Laboratory Accreditation Program. 
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6.1.1 Monitoring Location and Frequency  


Per Standard 40 CFR §146.90(d), geochemical and water quality will be monitored within the 


lower sandstone of the Tokio Formation. Figure 2 and Table 5 show the planned monitoring 


methods, locations, and frequencies for direct and indirect monitoring of groundwater quality and 


geochemistry above the Confining Zone, in the porous sandstone of the Tokio Formation, located 


at a depth of 2,900 to 3,000 feet below ground level. The ACZ monitoring well will be located 


near the point of carbon dioxide injection, where the elevated formation pressure in the reservoirs 


is expected to be the greatest during the injection and post-injection phases. 


Modeling shows that pressure monitoring is a more robust and more diagnostic leakage detection 


method in deep confined saline aquifers. Under typical low flow gradients in saline formations, a 


carbon dioxide pressure signal is unlikely to propagate far from the leakage point and would be 


chemically undetectable. Leakage of brine from one formation to another is also unlikely to be 


chemically diagnostic. If ambient methane or carbon dioxide is present in the system, carbon 


dioxide may not be chemically diagnostic either. Lapis Energy will instead measure bottomhole 


pressure in the onsite ACZ monitoring well, which will be continuously monitored. If leakage 


trends are detected, follow-up testing, logging, or geochemical measurements will be conducted 


to assess the change in signal (adaptive monitoring). 


Table 5: Monitoring of groundwater in the Tokio Sandstone (ACZ monitor well) 


Target 


Formation 
Monitoring Activity 


Monitoring 


Location(s) 
Spatial Coverage Frequency 


Tokio Sandstone 


  


Downhole pressure 


monitoring 


ACZ monitoring 


well 


 


Near the point of CO2 


injection 


Real time daily read out. 


Pulsed Neutron 


Logging 


Baseline log at prior to 


project start. 


 


Repeat surveys if 


anomaly is observed 


Baseline geochemical 


sampling 


Baseline Sample at prior 


to project start. 


Follow-up Geochemical 


testing if signal is 


observed 


Only if anomaly is 


observed 
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Target 


Formation 
Monitoring Activity 


Monitoring 


Location(s) 
Spatial Coverage Frequency 


Fluid Sampling 


Baseline: Initial and 


quarterly until authorized 


for injection. 


 


Injection: Quarterly 


 


The goal of monitoring the unit directly above the Confining Zone is to detect the leakage or 


upward movement of either formation brine or carbon dioxide from the sequestration complex, 


should it occur. An initial geochemical description of the fluids will be evaluated prior to injection 


operations for this interval.  


Lapis Energy will also monitor ground water quality and geochemical changes in the Tokio 


Sandstone above the Confining Zone during the operational and post-operational periods to meet 


the requirements of 40 CFR §146.90(d). Groundwater sampling methods to be employed, include 


sampling standard operating procedures as adapted from EPA (2017) or as approved by the UIC 


Program Director. Sample containers will be new and of an appropriate material and size for the 


analyte. Sufficient volumes will be collected to complete all the specified analyses in Table 6. 


Appropriate preservation of each sample container will be completed upon sample collection (see 


QASP). Chain-of-custody will be documented using a standardized form from the analytical 


laboratory and will be retained and archived to allow tracking of sample status. This will include 


any required duplicates collected and appropriate field and trip blanks included for quality 


assurance. Completing the field chain-of-custody form will be the responsibility of groundwater 


sampling personnel. 


The frequency of groundwater quality sampling will be conducted on a quarterly basis. A baseline 


series of sampled groundwater quality will be established ahead of the initiation of carbon dioxide 


sequestration. Then, commencing with the initiation of carbon dioxide injection operations, the 


initial monitoring event will occur at the end of the first calendar quarter (even if less than 3 


months). Subsequent monitoring will occur at the end of each calendar quarter. This equates to a 


schedule as follows: 
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1. March 31 – End of Calendar 1st Quarter 


2. June 30 – End of Calendar 2nd Quarter  


3. September 31 – End of Calendar 3rd Quarter 


4. December 31 – End of Calendar 4th Quarter 


The schedule will then repeat using this quarterly sample cycle for the duration of injection 


operations. 


If a pressure anomaly is detected in the ACZ monitoring well, Lapis Energy will be notified, and 


the anomaly will be investigated. If it is determined that the anomaly appears to be real and related 


to project performance, this will trigger additional adaptive geochemical sampling of the formation 


fluids. The collected samples will be sealed, dated, and sent to an authorized third-party laboratory 


for analysis. The frequency of enhanced geochemical sampling will be conducted on an “as 


needed” basis if the pressure signal triggers additional testing.  


If pressure and sample analyses confirm potential leakage into the strata overlying the Confining 


Zone, then injection operations will cease and will trigger the procedures set out in the “E.4-


Emergency Remedial and Response Plan”. Sampling of the near-surface groundwaters will then 


be initiated as part of the response, to define the impact and reach of the potential leakage above 


the Confining Zone.  


6.1.2 Analytical Procedures 


Pre-injection phase fluid sampling and analysis is an integral part of the site characterization 


activities prior to start of the injection project. It provides a basis to assess data gathered during 


the injection and post-closure monitoring phases of the project when such a need is identified based 


on project performance / triggers. 


An initial formation fluid sample will be collected from the basal Tokio ACZ monitoring well 


prior to injection operations. The initial fluid sample will provide the baseline measurements. 


Table 6 identifies the parameters to be monitored and the analytical methods that Lapis Energy 


will use. 
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Table 6: Summary of potential analytical and field parameters for the Tokio Sandstone (ACZ 


monitor well) 


Parameters Analytical Methods 


Cations:  


Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb, Se, Sr, and Tl 
ICP-MS, EPA Method 6020B 


Cations:  


Ca*, Fe, K*, Mg*, Na*, and Si 
ICP, EPA Method 6010D 


Anions:  


Br*, Cl*, F, NO3, and SO4
* 


Ion chromatography, EPA Method 300.0 


Alkalinity (total and bicarbonate)* SM 2320B 


Total dissolved solids* SM 2540C 


Water density (lab) SM 2710F 


Water density (field)* Calculated from Salinity, Temperature, and Pressure 


pH (lab)* SM 4500 H+B 


pH (field)* Standard Method 4500-H+ B-2000 


Specific conductance (field)* Standard Method 2510 B-1997 


Temperature (field)* Thermistor, Standard Method 2550 B-2000 


Turbidity (field)* Nephelometric - Optical, 90° Scatter 


Oxidation-Reduction Potential (field)* Platinum Button; Ag/AgCl Reference 


Dissolved Oxygen (field)* ASTM Method D888-09 (C) 


Dissolved Inorganic Carbon (DIC)* SM 5310B 


Isotopic composition of selected major or minor 


constituents (e.g., 228Ra/226Ra, 87Sr/86Sr)  
EPA Method 901.1, ICP-MS 


δ18O and δ2H of H2O Analyzed via CRDS 


δ13C of DIC Gas Bench/CF-IRMS 


14C of DIC AMS 


Dissolved CO2, N2, Ar, O2, He, C1-C6+, by headspace* In-house Lab SOP, similar to RSK-175 


δ13C of dissolved Methane, Ethane, Propane, and CO2, δ2H 


of Methane 
High precision (offline) analysis via Dual Inlet IRMS 


* Analytical parameters to be included during the baseline phase, and only as needed during the injection and post-


injection phases of the project. 


The initial parameters identified in Table 6 may be revised to include additional components for 


testing, dependent on the initial geochemical evaluation. When the fluid samples are collected, 


then they will be sent to a third-party laboratory accredited by the Arkansas Department of 


Environmental Quality or ISO for analysis. 
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6.1.3 Sampling Methods 


The sampling system used to sample and quantify dissolved gases and the aqueous phases in 


equilibrium with those gasses will be supplied by a third-party Vendor (Schlumberger, Expro, or 


equivalent Vendor using downhole PVT sampler or equivalent tool). Bottomhole samples are 


preferred, however, surface samples may be used for expediency. 


The sampling protocol will be similar to the following:  


1) Purge the casing volume to bring fresh fluids that have not reacted with casing 


and tubing to the sample point within the wellbore;  


2) Deploy commercial downhole sampler on slickline to collect a fluid sample at 


pressure and then close to retain gas phases as sample is transported to the 


surface;  


3) Conserve gas volumes as samples are stepped to atmospheric pressure for 


shipping and analysis; 


4) Filter and preserve samples following protocols for brine sampling;  


5) All sample containers will be labeled with durable labels and indelible markings 


6) A unique sample identification number and the sampling date will be recorded 


on each sample container.  


7) The sample container will be sealed and sent to an authorized third-party 


laboratory. 


Repeat sampling and frequency to be determined based on results.  


6.1.4 Analysis Procedures and Chain of Custody 


Samples will be analyzed by a third-party laboratory accredited by the Arkansas Department of 


Environmental Quality or ISO using standardized procedures for gas, major, minor and trace 


element compositions. Detection limits will be dependent on equipment used for the analytical 


methods by the selected qualified Vendor and meet the minimum levels set forth in the QASP. 
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The sample chain-of-custody procedures will be dependent on Vendor selection as they will 


assume the custody of the samples. The procedures will document and track the sample transfer to 


laboratory, to the analyst, to testing, to storage, to disposal (at a minimum). A sample chain-of-


custody procedure is illustrated in Appendix 1. 


6.2 USDW MONITORING – EL DORADO CHEMICAL COMPANY WATER SUPPLY 


WELLS 


The primary goal of the USDW monitoring program is to confirm protection of groundwater that 


can potentially be used as a drinking water resource. The Greensand and El Dorado aquifers of the 


Sparta Formation are known sources of drinking water within the AoR (ADH, 2021); and 


therefore, will be monitored during the baseline, injection, and post-injection phases of the project, 


in accordance with applicable regulations and guidelines set forth by the EPA UIC program for 


Class VI injection well sites (40 CFR §146.90(d); EPA, 2013a;b; EPA, 2016). 


The Wilcox Group underlying the Sparta Formation is a known saline aquifer within the area 


(USGS, 1984). There are no known existing or proposed WSWs or potable use of this aquifer; and 


therefore, no monitoring of the Wilcox Group is proposed for Project Blue. 


6.2.1 Monitoring Location and Frequency  


The EDCC operates fourteen WSWs within the AoR (see Figure 3), all screened within the Sparta 


Formation. Groundwater samples will be collected from these wells for water quality testing 


during the baseline, injection, and post-injection phases of the project. A subset of the WSWs is 


proposed for monitoring the injection and post-injection phases. The exact wells to be sampled 


will be determined based on ease of access and well suitability. Table 7 shows the planned 


monitoring methods, locations, and frequencies for ground water quality and geochemical 


monitoring of the Sparta Formation aquifers.  
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Table 7: Monitoring of groundwater quality and geochemical parameters in the Sparta Formation 


USDW – EDCC WSWs 


Target 


Formation 


Monitoring 


Phase 


Suggested Monitoring 


Location(s) 


Spatial 


Coverage 
Frequency 


Sparta 


Formation: 


Greensand and  


El Dorado 


aquifers 


Baseline  


EDCC WSWs: 


On-Site: Well Nos. 4 – 6  


Off-Site: Well Nos. 1, 2, 7 – 10, 


and 12 – 13. 


Over area of 


review 


Quarterly for at least 1 


year. 


Injection 


EDCC WSWs: 


On-Site: Well Nos. 5 – 6 


Off-Site: Well Nos. 2 and 8. 


Within 


estimated 100-


year plume 


extent 


Quarterly during first 2 


years of injection in 


new injection zone. 


Annually thereafter. 


Post-Injection 


EDCC WSWs: 


On-Site: Well Nos. 5 – 6 


Off-Site: Well Nos. 2 and 8. 


Within 


estimated 100-


year plume 


extent 


Annually during post-


injection site closure 


phase. 


USDW groundwater samples will be collected manually from select EDCC WSWs on a quarterly 


basis during the baseline phase of at least 1 year. Specific wells to be monitored will be based upon 


accessibility and location within the delineated AoR. Commencing with the initiation of injection 


operations in each new injection zone (i.e., Cotton Valley and then the Lower Hosston) quarterly 


monitoring will be conducted during the first 2 years, with annual monitoring conducted thereafter 


until injection into the next zone is initiated. The initial injection monitoring event for each new 


injection zone will occur at the end of the first calendar quarter (even if less than 3 months). 


Subsequent monitoring will occur at the end of each calendar quarter. This equates to a schedule 


as follows: 


• March 31 – End of Calendar 1st Quarter 


• June 30 – End of Calendar 2nd Quarter  


• September 31 – End of Calendar 3rd Quarter 


• December 31 – End of Calendar 4th Quarter 


Following the second year in each new injection zone, annual monitoring will be conducted at the 


end of each calendar year (i.e., by December 31). For post-injection closure sampling, the 


frequency of sampling will continue to be performed on an annual basis for a determined post-site 


care closure timeframe. 
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6.2.2 Analytical Procedures 


USDW monitoring programs can entail an array of analytical components, some of which may be 


prone to false-positive indications of carbon dioxide leakage. These false positives often reflect 


the natural variability in groundwater geochemistry in space and time, which are unrelated to 


carbon dioxide injection and storage activities. As such, this USDW monitoring program has been 


designed to improve the ability to discern natural vs anthropogenic sources of carbon dioxide based 


on the geochemical patterns observed before, during, and after the injection operations. Table 8 


identifies the parameters to be monitored and the analytical methods that Lapis Energy will use 


for USDW groundwater sampling and testing of existing EDCC WSWs. 


Table 8: Summary of potential analytical and field parameters for groundwater samples - EDCC 


WDWs 


Parameters Analytical Methods 


Cations:  


Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb, Se, Sr, and Tl 


ICP-MS, EPA Method 6020B 


Cations:  


Ca*, Fe, K*, Mg*, Na*, and Si 


ICP, EPA Method 6010D 


Anions:  


Br*, Cl*, F, NO3, and SO4
* 


Ion chromatography, EPA Method 300.0 


Alkalinity (total and bicarbonate)* SM 2320B 


Total dissolved solids* SM 2540C 


Water density (lab) SM 2710F 


Water density (field)* Calculated from Salinity, Temperature, and Pressure 


pH (lab)* SM 4500 H+B 


pH (field)* Standard Method 4500-H+ B-2000 


Specific conductance (field)* Standard Method 2510 B-1997 


Temperature (field)* Thermistor, Standard Method 2550 B-2000 


Turbidity (field)* Nephelometric - Optical, 90° Scatter 


Oxidation-Reduction Potential (field)* Platinum Button; Ag/AgCl Reference 


Dissolved Oxygen (field)* ASTM Method D888-09 (C) 


Dissolved Inorganic Carbon (DIC)* SM 5310B 


Isotopic composition of selected major or minor 


constituents (e.g., 228Ra/226Ra, 87Sr/86Sr)  


EPA Method 901.1, ICP-MS 


δ18O and δ2H of H2O Analyzed via CRDS 


δ13C of DIC Gas Bench/CF-IRMS 
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Parameters Analytical Methods 


14C of DIC AMS 


Dissolved CO2, N2, Ar, O2, He, C1-C6+, by headspace* In-house Lab SOP, similar to RSK-175 


δ13C of dissolved Methane, Ethane, Propane, and CO2, δ2H 


of Methane 
High precision (offline) analysis via Dual Inlet IRMS 


* Analytical parameters to be included during the baseline phase, and only as needed during the injection 


and post-injection phases of the project. 


At the conclusion of baseline monitoring, the range of naturally occurring groundwater conditions 


during the baseline timeframe will be characterized, and protocols for carbon dioxide leakage 


detection during the injection phase (e.g., the initiation of adaptive sampling when certain 


threshold concentrations are exceeded) will be developed.  


An anomalous detection of carbon dioxide above background levels in the USDW “does not 


necessarily demonstrate that USDWs have been endangered, but it may indicate that a leakage 


pathway or conduit exists” (EPA, 2013b). Therefore, if it is determined that a departure between 


observed and baseline parameter patterns appears to be related to a potential carbon dioxide leak 


from the target reservoir, additional testing of the USDW and the Lower Wilcox zone may be 


conducted. 


The elements of the USDW monitoring program may be modified throughout the baseline, 


injection, and post-injection operational phases of the project, as needed, and with approval of the 


UIC Program Director, as more data and information become available for the Project Blue site. 


6.2.3 Sampling Methods 


Groundwater sampling will be conducted in general accordance with operating procedures set 


forth in EPA Method SESDPROC-301-R4 (EPA, 2017). Groundwater samples will be collected 


into appropriate lab-supplied, method-specific sample containers, properly preserved (as needed), 


and shipped within 24 hours of collection for laboratory analysis. Groundwater samples for the 


analysis of cations will be field-filtered utilizing a 0.45 µm flow-through filter cartridge and 


preserved using appropriate techniques. Prior to sample collection, filters will be purged with a 


minimum of 100 mL of well water (or more if required by the filter manufacturer). All sample 


containers will be labeled with durable labels and indelible markings, and a unique sample 


identification number and sampling date will be recorded on the sample containers.  
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6.2.4 Analysis Procedures and Chain of Custody 


Groundwater samples will be submitted for various geochemical and isotopic analyses by a third-


party laboratory accredited by the Arkansas Department of Environmental Quality or ISO using 


standardized procedures. Detection limits will be dependent on equipment facilitated for the 


analytical methods by the selected qualified Vendor and meet the minimum levels set forth in 


Appendix 1. 


The sample chain-of-custody procedures will be dependent on Vendor selection as they will 


assume the custody of the samples. The procedures will document and track the sample transfer to 


laboratory, to the analyst, to testing, to storage, to disposal (at a minimum). A sample chain-of-


custody procedure is contained in the attached QASP (Appendix 1). Sample chain-of-custodies 


will include any required duplicates collected and appropriate field and trip blanks included for 


quality assurance. 


The initial parameters identified in Table 8 may be revised and include additional components for 


testing dependent on the initial geochemical evaluation. 
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7.0 EXTERNAL MECHANICAL INTEGRITY TESTING (MIT) 


To verify external mechanical integrity in the injection well, Lapis Energy will conduct at least 


one of the tests presented in Table 9, periodically during the injection phase, as required by 40 


CFR 146.89(c) and 146.90. A demonstration of mechanical integrity will be made at least once a 


year during injection operations. 


7.1 TESTING LOCATION AND FREQUENCY 


The integrity of the long-string casing, the injection tubing, and the annular seal shall be tested by 


means of an approved pressure test. The integrity of the bottom-hole cement may be tested by 


means of a temperature survey or an approved tracer survey. Alternatively, a noise log may be run 


in in the well to demonstrate containment within the permitted injection zones. Pulsed neutron 


logging will be run to verify the mechanical integrity of the near-well area behind the casing of 


the well.  


Table 9: Mechanical Integrity Testing – Injection Well 


Test Description Location 


Temperature Survey or Tracer Survey Injection Well 


Pulsed Neutron Log Injection Well 


Annulus Pressure Test Injection Well 


 


Mechanical Integrity Tests (MITs) will be run after the initial construction of the well, prior to the 


initiation of injection operations. During injection operations, an MIT will be performed on an 


annual basis, within 45 days of the anniversary of the preceding year’s test. Lapis Energy will 


notify the UIC Program Director ahead of testing. This schedule will repeat through the duration 


of injection operations and prior to plugging operations. Should the well require a workover, an 


MIT will also be performed prior to placing the well back into service. 
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7.2 TESTING DETAILS 


Prior to running an MIT, the wellbore may be displaced with water or brine. In either case, the 


well will be allowed to thermally stabilize prior to all testing operations. It is recommended that 


the well be shut-in for 36 hours to allow temperature effects to dissipate. The external MIT logs 


will be run the injection well.  


7.2.1 Temperature Survey  


A baseline differential temperature survey will be run in the well after allowing the well a period 


of time to reach approximate static conditions. The temperature log will be one of the approved 


logs for detecting fluid movement outside of the well pipe. A baseline survey will be run during 


completion operations, which will provide an initial baseline temperature curve for future 


comparisons. The log will include both an absolute temperature curve and a differential 


temperature curve. The well should be shut-in for at least 36 hours to allow temperature 


stabilization of the well prior to running the temperature survey. 


If a distributed temperature sensing fiber is run in the injection well, the fiber will be used for the 


temperature testing; otherwise, a wireline truck will be used.  


If wireline operations are conducted, the temperature will be logged from the surface down to the 


total depth of the well. Recommended line speed for the logging operations is 30 to 40 feet per 


minute. A correlation log(s) will be presented in Track 1 and the two temperature curves will be 


presented in Tracks 2 and 3. The temperature log tracks will be scaled to approximately 20° F per 


track. The differential curve will be scaled in a manner appropriate to the logging equipment design 


but will be sensitive enough to readily indicate temperature anomalies. In general, the procedure 


for wireline operations will be as follows:  


1) Attach a temperature probe and casing collar locator (CCL) to the wireline.  


2) After a minimum of 36 hours of well static conditions, begin the temperature survey. 


The tools will be lowered into the well at 30 to 40 feet/minute, recording the 


temperature in wellbore. The temperature survey will be run to the deepest attainable 


depth (top of solids fill) in the wellbore. The wireline may be flagged, if needed, to 


assist in depth correlation. 
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3) Following completion of the survey, the wireline tools will be retrieved from the 


wellbore. 


A temperature log run will be considered successful if there are no unexplained temperature 


anomalies observed outside of the permitted injection zone.  


If temperature anomalies are observed outside of the permitted zone, additional logging may be 


conducted to determine whether a loss of mechanical integrity or loss of containment has occurred. 


Depending on the nature of the suspected movement, radioactive tracer, noise, oxygen activation, 


or other logs approved by the UIC Program Director may be required to further define the nature 


of the fluid movement or to diagnose a potential leak. 


7.2.2 Radioactive Tracer Survey 


A Radioactive Tracer Survey (RTS) may be run as an alternative to a temperature survey. The tool 


consists of a gamma ray detector above an ejector port and one or two gamma ray detectors below 


the ejector port. In order to run the RTS, the wellbore annulus will need to be flushed with brine. 


Therefore, the test will be conducted using brine to convey the radioactive tracer material down 


the well. The tool will continuously record the gamma ray API units during tracer fluid injection. 


The upper detector will be recorded in Track 1 at a scale of 0 to 100 or 150 API units, and the 


lower detector(s) will be recorded in Tracks 2 and 3 at a higher (less sensitive) scale, typically 0 


to 1,000 API units. 


Prior to testing, an initial gamma ray baseline log will be recorded from at least 100 feet above the 


injection tubing packer to the total depth of the well. The initial gamma ray survey can be made 


under low flow conditions or static well conditions. 


For depth correlation, a concurrent casing collar locator log will be run on the wireline tool string. 


Two, five (5) minute time drive, statistical checks will be run prior to the ejection of tracer fluid 


One of the statistical checks will be run in the confining unit immediately above the uppermost 


perforation in the well. The second check will be run at the depth of the Injection Zone. The 


baseline log and the statistical checks will be used to determine the baseline background radiation 


prior to the ejection of the tracer fluid.  
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Brine injection will be initiated or increased during testing operations. During the survey, brine 


injection rates will be set at the rate at which the fluid will be under laminar flow conditions, while 


remaining within the maximum permitted operating parameters anticipated for the well. The 


volume of the tracer fluid slug will be sufficient to cause a gamma curve deflection on the order 


of 25x background reading as the ejected slug passes the lower detector(s). This would typically 


be a full-scale deflection. 


A constant injection (moving) survey will be run from above the packer down to the perforations 


to check for leaks between those two points. This survey will consist of ejecting a tracer slug above 


the packer, verifying the tracer slug ejection, dropping the tool down through the slug, and logging 


up through the slug to above where the slug was first ejected. Then, the tool will be successively 


dropped down through the slug again and logging will continue upward to above where the slug 


was encountered on the previous pass. This process will be repeated a minimum of two times, until 


the slug flows out into the formation. If necessary, the injection rate may be adjusted to accomplish 


this test. 


A stationary survey will be run approximately 20 feet or less above the top of the perforated 


interval to check for upward fluid migration outside of the cemented casing. The flow during the 


stationary survey will be at sufficient rates to approximate the normal operating conditions 


anticipated for the well. The stationary survey procedure consists of setting the tool and logging 


on time drive, ejecting a slug, verifying the ejection, and waiting an appropriate amount of time to 


allow the slug to exit the wellbore and return through channels outside of the pipe, if present. The 


time spent at the station will vary but should be at least twice the time estimated to detect the tracer 


fluid if channeling exists, or 15 minutes, whichever is greater. If tracer fluid is detected channeling 


outside of the pipe at any time during the stationary survey, the survey may be stopped, and the 


movement of the tracer fluid will be documented by logging up on depth drive, until the tracer 


exits the channel. The stationary survey will be repeated at least one time. 


Additional stationary or moving surveys may be required, depending upon well construction, test 


results, or to investigate known problem conditions. At least two repeatable logs of every tracer 


survey, moving and stationary, should be run. On completion of the tracer surveys, a final 


background gamma log will be run for comparison with the initial background log. In general, the 
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test procedure will be as follows: 


1) Attach radioactive tracer tools, including the casing collar locator (CCL), the gamma 


ray detectors, and the ejector modules to the wireline. Lower the tools into wellbore to 


the deepest attainable depth (top of solids fill). Record the depth of solids fill in the 


well, if any. Correlate the tools to depth with the injection packer and any other cased-


hole log(s) that are run in the well. 


2) A baseline gamma log will be run from the deepest attainable depth to approximately 


4,800 feet (must be at least 100 feet above the packer). Statistical tool checks will be 


conducted 10 feet above the set depth of the injection packer and approximately 15 feet 


above the top perforation. (Specific depths will be identified and updated after injection 


well completion). 


3) With the tool set a minimum of 100 feet above the packer, start injecting brine fluid at 


approximately 50 gallons per minute (gpm) or the defined acceptable rate. Eject a slug 


of tracer material and verify ejection.  


4) Lower the tool through the slug and log up through the slug. Repeat the slug-tracking 


sequence, following the slug down the tubing and into the Injection Zone until the slug 


has been dissipated. 


Note: It is desired to achieve a minimum of three or more passes below the injection 


packer before the radioactive slug exits the perforations. Adjust or reduce 


injection rate, if needed, to achieve this objective.  


5) Repeat Steps 3 and 4. 


6) Position the RTS tool’s lower detector approximately 15 feet above the top perforation. 


Initiate and maintain injection at approximately 250 gpm or the defined acceptable rate. 


7) Eject a slug of tracer material and record on time drive for a minimum of 15 minutes 


to determine if upward flow around the casing occurs. 


8) Repeat Step 7. 


9) Cease pumping, lower the tool to the deepest attainable depth, and run a repeat 


baseline gamma ray log to verify that the radiation level has returned to baseline 


background radiation levels. 
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10) Dump the remaining radioactive tracer material from the tool and pump the 


remaining test fluid to flush the tracer material from the wellbore. 


11) Retrieve the wireline tools from the wellbore and rig down wireline unit. 


A successful pressure test will “PASS” if the radioactive iodine material stays within the Injection 


Zone(s) and within the sequestration complex. 


7.2.3 Pulsed Neutron Logging 


Pulsed neutron logging will be run to verify the mechanical integrity of the near-wellbore area 


behind the casing in the injection well. A baseline survey will be run during completion operations 


(with the well in completion configuration) and will provide an initial baseline log for future 


comparisons. Should the downhole well completion change at any time, a new baseline log will 


be run. The pulsed neutron survey will be run from the Wilcox Formation below a depth of 2,400 


feet below ground down to the total depth of the well and will be run in gas-sigma-hydrogen mode. 


The sigma measurement is used to determine porosity, differentiate between saline water and 


carbon dioxide, and calculate formation saturation in the Injection Zones. Lapis Energy will run 


the Pulsed Neutron log annually for the first five years, and then every 5 years after that throughout 


the life of the wells. The UIC Program Director may require more frequent monitoring to further 


define the nature of potential fluid movement along the casing-borehole wall or to diagnose 


potential leaks.  


7.2.4 Annulus Pressure Test 


In conjunction with annual mechanical integrity testing, an annulus pressure test of the casing by 


the tubing annulus will be made.  


Pressures will be recorded on a time-drive recorder for at least 60 minutes in duration and the chart 


or digital printout of times and pressures will be certified as true and accurate. The pressure scale 


on the chart will be low enough to readily show a five percent change from the starting pressure. 


In general, the test procedure will be as follows:  


1) Connect a high-resolution pressure transducer to the annulus and increase the annulus 


pressure to at least 200 pounds per square inch gauge (psig) over the permitted 


maximum tubing/injection pressure. Conduct the Annulus Pressure Test (APT) by 
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holding annular pressure a minimum of 100 psi above the well’s maximum permitted 


surface injection pressure for a minimum of 60 minutes. 


2) At the conclusion of the APT, the annular pressure will be lowered to the well’s normal, 


safe differential pressure value and pressure recording equipment will be removed from 


the well system.  


A successful pressure test will “PASS” if the pressure holds to +/-5 percent of the starting pressure. 


If the test is unable to hold pressure for the selected time period, the test will be considered a 


“FAIL”. The test will then be repeated and if the well continues to “FAIL”, the construction of the 


well may have lost mechanical integrity. Additional tests at progressively lower pressures may be 


run to identify the pressure at which the annulus can hold a differential. Continuous monitoring of 


the annulus system will be reviewed to identify if there are any data that may lead to a potential 


leak and assist in diagnosing potential issues with the annulus.  
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8.0 TRANSIENT PRESSURE FALLOFF TEST 


Lapis Energy will perform pressure falloff tests during the injection phase, to meet the 


requirements of 40 CFR §146.90(f). Pressure falloff testing will be conducted upon the completion 


of the injection well to characterize the baseline formation properties and to determine the near-


well reservoir conditions that may impact the injection of carbon dioxide. 


8.1 FALLOFF TESTING LOCATION AND FREQUENCY 


Lapis Energy will perform an initial (baseline) pressure falloff test in the injection well using either 


formation brine or municipal water mixed with a clay stabilizer (to avert clay swelling). This will 


provide the baseline characterization of the transmissibility of fluid into the Injection Zone(s). The 


pressure falloff test will be repeated using carbon dioxide within the first 60 days of initiation of 


injection operations. This will allow for a comparison to the baseline fluid-to-fluid test with the 


changes in the injection fluid from brine water to carbon dioxide. 


A pressure falloff test will be performed at least once every five years (within +/-45 days of the 


anniversary of the previous test) for the lifetime of injection operations. Periodic testing is expected 


to provide insight into the performance of the storage complex and potentially aid in assessing the 


dimensions of the expanding carbon dioxide plume, based on the expected lateral change from 


supercritical carbon dioxide near the wellbore and native formation brine beyond the plume. The 


UIC Program Director may request more frequent testing, which will be dependent on test results 


or other variables. A final pressure falloff test will be run after the cessation of injection into the 


injection well.  


8.2 FALLOFF TESTING DETAILS 


Testing procedures will follow the methodology detailed in “EPA Region 6 UIC Pressure Falloff 


Testing Guideline-Third Revision (August 8, 2002)”1. Bottomhole pressure measurements near the 


perforations are preferred due to phase changes within the column of carbon dioxide in the tubing. 


A surface pressure gauge may also serve as a monitoring tool for tracking the progress of the falloff 


test. 
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The pressure gauge can be either installed as part of the completion or can be deployed via a 


wireline truck. If a wireline truck deployed gauge will be used, the wireline should be corrosion 


resistant, and the deployed gauges should consist of a surface read-out gauge with a memory 


backup. Examples of standard gauge specifications are presented in Table 10.  


Table 10: Wireline Pressure Gauge specification examples 


Pressure Gauge Property Value 


Surface Readout 


Pressure Gauge 


Range 


Resolution 


0 – 10, 000 psi/356 oF 


+/-0.01 psi/0.01 oF 


Accuracy 
+/-0.03% of full scale 


(+/-3 psi/+/-0.1 oF) 


Manufacturer’s Recommended 


Calibration Frequency 
Minimum Annual 


Memory  


Pressure Gauge 


Range 


Resolution 


0 – 10, 000 psi/356 oF 


+/-0.01 psi/0.01 oF 


Accuracy 
+/-0.03% of full scale 


(+/-3 psi/+/-0.1 oF) 


Manufacturer’s Recommended 


Calibration Frequency 
Minimum Annual 


 


The general testing procedure is as follows and presumes that a wireline truck deployed unit is 


used for the testing: NOTE: a dedicated downhole monitoring gauge may be used if they provide 


data of sufficient quality: 


1) Mobilize the wireline unit to the injection well and rig up on the wellhead. 


2) Rig up a wireline lubricator that contains a calibrated downhole surface-readout 


pressure gauge (SRO) and that has a memory gauge installed in the tool string as a 


backup to the adapter above the crown valve. Each gauge should have an operating 


range of 0 - 10,000 psi. Reference the elevation of gauge to both kelly bushing (KB) 


elevation and elevation above ground level.  


3) Open the crown valve, record the surface injection pressure. While maintaining a 


constant rate of injection, run the wireline with the SRO down the well to just above 


the shallowest perforations in the completion. Steady rates of injection should be 
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maintained for at least 24 hours ahead of the planned shut-in of the injection well. Any 


offset injection well(s) should be either shut-in ahead of the testing or should maintain 


a constant rate of injection for the entire duration of the testing. This will minimize 


cross-well interference effects.  


4) With the SRO positioned just above the perforations, monitor the bottom-hole injection 


pressure response for ±1 hour to allow the gauge to stabilize to wellbore temperature 


and pressure conditions. Ensure that the injection rate and pressure are stable.  


5) Cease injection as rapidly as possible (controlled quick shut-in). Starting with the valve 


closest to the wellhead, close the control valve and the manual flowline valve at the 


well site (so that wellbore storage effect in early time is minimized, the order of closing 


is important). Conduct the pressure falloff test for approximately 24 hours, or until 


bottomhole pressures have stabilized.  


6) Lock out all valves on the injection annulus pressure system to ensure that the annulus 


pressure cannot be changed during the falloff test period. Ensure that the valves located 


on the flow line to the injection well are closed and locked out to prevent flow to the 


well during the falloff test period. 


7) After 24 hours, download the pressure data and make a preliminary field analysis of 


the falloff test data using computer-aided transient test software to estimate if, or when, 


radial flow conditions might be reached. If sufficient data acquisition is confirmed, end 


the falloff test. If additional data is required, extend the falloff test until radial flow 


conditions are confirmed. After the confirmation of sufficient data acquisition, end the 


falloff test. 


8) Pull the SRO tool up the well by 1,000 feet and stop to allow the gauge to stabilize (5 


minutes each stop). Record stabilized temperature and pressure. Repeat the process to 


collect stabilized pressure data (5-minute stops) at 1,000-foot intervals and in the 


lubricator. 


In performing a falloff test analysis, a series of plots and calculations will be prepared to QA/QC 


the test, to identify flow regimes, and to determine well completion and reservoir parameters. It 


will also be used to compare formation characteristics, such as transmissivity and skin factor of 
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the near wellbore, for changes over time. Skin effects due to drilling and completion (possible 


damage from perforation) will be assessed for the well’s injectivity and for potential well cleanouts 


in the future. These tests can also measure drops in pressure due to potential damage/leakage over 


time. With CO₂ injection, it is anticipated that drops in pressure may indicate multiple fluid phases. 


The analysis will be designed to consider all parameters. 


8.3 TEST ANALYSIS AND REPORTING 


In order to make the proper assessment, multi-phase flow conditions will be considered. Results 


of the pressure fall-off test may trigger a reevaluation of the AoR. Testing methods, results, and 


interpretation will be submitted electronically within 30 days of the test per 40 CFR 146.91(e) and 


146.91(b)(3) 


Each submission will include the following. 


1) Location, test name and the date and time of the shut-in period 


2) Bottom hole pressure and temperature depths 


3) Records of gauges 


4) Raw test data in a tabular format (if required by the UIC Program Director) 


5) Measured injection rates and pressure data from the test well and any off-set wells 


completed in the same zone and including data prior to the shut-in period 


6) Pressure gauge information (make, model, manufacturer, etc.) 


7) Diagnostic curves of test results, noting any flow regimes 


8) Description of quantitative analysis of pressure-test results, type of software used and any 


multi-phase effects 


9) Calculated parameter values such as transmissivity, permeability, and skin factor 


10) Analysis and comparison of calculated parameter values to previous testing values 


11) Identification of data gaps if any exist 
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12) Identified necessary changes to the project and the TMP to ensure continued protection of 


USDWs 


Testing procedures, testing equipment, tolerances and specifications, and calibration details are 


included in the QASP, which is contained in Appendix 1. 
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9.0 CARBON DIOXIDE PLUME AND PRESSURE FRONT TRACKING 


Lapis Energy will employ both direct (Table 11) and indirect (Table 12) methods to track the 


geometry and extent of the carbon dioxide plume with time and the areal distribution in pressures 


within and above the sequestration complex to meet the requirements of 40 CFR 146.90(g). 


Table 11: Pressure-Front and Plume-Front Monitoring - Direct 


Target Formation 
Monitoring 


Activity 


Monitoring 


Location(s) 
Spatial Coverage Frequency 


PRESSURE-FRONT MONITORING-DIRECT 


Injection Zone 


 - Lower Hosston 


 - Cotton Valley 


  


Pressure & 


Temperature 


Injection Well & 2 


monitor wells 


Injection Well Field &  


Up and down dip of 


injection well. 


Continuous 


ACZ 


 -Tokio Sandstone 


Downhole Pressure 


& Temperature 
1 ACZ monitor well Near point of injection Continuous 


PLUME-FRONT MONITORING-DIRECT 


Injection Zone 


 - Lower Hosston 


 - Cotton Valley 


Fluid Sampling 2 IZ monitor wells 
Up and Down dip of 


injection well 
Adaptive, if triggered 


ACZ 


 -Tokio Sandstone 
Fluid Sampling 1 ACZ monitor well Near point of injection 


Baseline and quarterly, 


adaptive, if triggered 


USDW 


 -Sparta  
Fluid Sampling EDCC WDW’s 


Baseline: AoR  


 


Injection: Projected 50-year 


plume extent 


 


Post-Injection: Projected 50-


year plume extent 


Baseline: Quarterly 


Injection: Quarterly for 


1st 2 years in new 


injection zone; annually 


thereafter; adaptive, if 


triggered 


 


Post-Injection: Annually; 


adaptive, if triggered 
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Table 12: Pressure Front and Plume Front Monitoring - Indirect 


Target Formation 
Monitoring 


Activity 


Monitoring 


Location(s) 
Spatial Coverage Frequency 


PRESSURE-FRONT MONITORING-INDIRECT 


NONE 


PLUME-FRONT MONITORING-INDIRECT 


Injection Zone 


 - Lower Hosston 


 - Cotton Valley Pulsed 


Neutron 


Injection Well & 


 2 monitor wells 


Injection Well Field &  


Up and down dip of 


injection well. 


Annually in Injection Well 


Years 1 to 5 and every 5 


years thereafter 


Adaptive, if triggered at 


monitor wells 


ACZ 


 -Tokio Sandstone 
1 ACZ monitor well Near point of injection 


Adaptive, if triggered at 


monitor wells 


Sequestration 


Complex 


Time-lapse 


Seismic 
Injection Well CO2 Plume 


Dependent on method 


chosen 


9.1 PLUME FRONT MONITORING 


9.1.1 Direct Monitoring Details 


Direct monitoring in two IZ monitoring wells completed across the Injection Zones will be used 


to detect and define the dimensions of the carbon dioxide plume during well operations (see Figure 


2 for the locations of the IZ monitor wells). One well is optimally located in the direct plume path 


of the sequestered carbon dioxide at the northeastern facility boundary (up dip of the plume path). 


This well is identified as AP No. 1 – Schuler Drilling, EDC No. 1 Well, which will be re-entered 


and repurposed by recompletion of the well across each of the Injection Zones. Real-time, 


continuous pressure-monitoring will be performed in the well and the well will be completed to 


allow for fluid sampling, if needed. The potential parameters to be analyzed as part of fluid 


sampling in the Injection Zones and associated analytical methods are presented in Table 13. If 


due to the hole conditions the AP No. 1 – Schuler Drilling, EDC No. 1 Well cannot be repurposed 


as a monitoring well, a dedicated IZ monitoring well will be drilled in the proximity to fulfill the 


same objectives. 
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Table 13: Summary of potential analytical and field parameters for fluid sampling in the Injection 


Zones 


Parameters Analytical Methods 


Dissolved CO2 gas by headspace Gas Chromatography (GC) 


Dissolved CH4 gas by headspace Gas Chromatography (GC) 


Hydrocarbons Gas Chromatography (GC) 


Dissolved inorganic carbon  Combustion 


Bicarbonate Titration 


δD CH24 
Gas chromatography combustion isotope ratio mass 


spectrometry (GC/C/IRMS) 


δC13 CO2 
Gas chromatography combustion isotope ratio mass 


spectrometry (GC/C/IRMS) 


δC13 CH4 
Gas chromatography combustion isotope ratio mass 


spectrometry (GC/C/IRMS) 


C14 CO2 Accelerated mass spectrometry (AMS). 


C14 Methane Accelerated mass spectrometry (AMS). 


Isotopic composition of selected major or minor 


constituents (e.g., Sr 87/86, S) 


Multicollector-Inductively Coupled Plasma Mass 


Spectrometer (MC‐ICPMS) 


Cations: 


Al, As, B, Ba, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na, Pb, Sb, 


Se, Si, Ti, Zn,  


ICP-MS or ICP-OES, ASTM D5673, EPA 200.8 


Ion Chromatography, EPA Method 200.8, ASTM 


6919 


Anions: 


Br, Cl, F, NO3, SO4, 


Ion Chromatography, EPA Method 300.8, ASTM 


4327 


Total Dissolved Solids EPA 160.1, ASTMN D5907-10 


Alkalinity EPA 310.1 


pH (field) EPA Method 150.1 


Specific Conductance (field) EPA 120.1, ASTM 1125 


Temperature (field) Thermocouple 


Hardness ASTM D1126 


Turbidity  EPA 180.1 


Specific Gravity Modified ASTM 4052 


Density Modified ASTM 4052 


 


Quality assurance procedures for these methods are presented in Appendix 1. 


The other IZ monitoring well is located down dip of the injection well somewhere along the 


southwestern facility boundary. The exact location will be chosen based on rig accessibility. Real-
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time, continuous pressure monitoring will be performed in the well, which will be configured to 


allow for fluid sampling, if needed, in the event carbon dioxide reaches the wellbore.  


Each IZ monitor well will also have a transmitter gauge at surface to continuously record tubing 


pressure. Experience from previously implemented carbon capture and sequestration projects 


indicates that carbon dioxide will rapidly evacuate the wellbore fluids in a monitoring well that is 


open to an Injection Zone, which will result in increased wellhead pressures due to the lighter 


column of gas replacing the displaced brine fluid column. 


9.1.2 Indirect Monitoring Details 


Indirect plume monitoring in the Injection Zones will include pulsed neutron capture logging to 


monitor the lateral and vertical saturation in carbon dioxide. Lapis Energy is also considering the 


use of certain time-lapse seismic techniques. The displacement of brine by injected carbon dioxide 


within sedimentary strata at similar project depths is well documented to produce a strong negative 


change in acoustic impedance (Vasco et al., 2019). This change in impedance can be detected by 


many time-lapse seismic methods. Leading-edge techniques for time-lapse imaging of carbon 


dioxide plumes include time-lapse vertical seismic profiling (Daley and Korneev, 2006; Gupta, et 


al., 2020), azimuthal vertical seismic profiling (Gordon, et al., 2016), sparse array walk-away 


surveys or scalable, automated, semipermanent seismic array “SASSA” (Roach, et al., 2015; 


Burnison, et al., 2016; Livers, 2017; Adams, et al., 2020).  


These techniques are expected to be robust in monitoring plume growth and less invasive from a 


surface footprint. At a minimum, the array of acoustic source sites will be oriented along the 


maximum and minimum orientations of the modeled plume and will be adjusted following each 


survey results. The frequency will be dependent on the monitoring method chosen and reevaluated 


after each survey (adaptive program). For time-lapse profiling and sparse array walk-away 


techniques it is expected that the frequency will be an initial baseline survey, followed by repeat 


surveys at the end of 2 years, 5 years, and then every 5 years thereafter. Final site-specific 


frequency will be determined based on injection operations. For SASSA, episodic data from the 


array can be obtained using an adaptive monitoring strategy (Burnison, et al., 2016; Livers, 2017; 


Adams, et al., 2020). 
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Baseline and subsequent time-lapse surveys will be processed using a technique that will resolve 


the differences between the surveys, which will be mapped to show the change in plume extent 


over time. 


Vendors will be contracted to design the area and processing flow, to install DAS fiber (if 


applicable), to supply interrogators(s) for both temperature and acoustic signals, to design the 


source arrays (including frequency and coupling), to assure good signal-to-noise ratio, to detect 


impedance contrast at the depth and thickness modeled, and to perform data analysis. Reports from 


azimuthal VSPs will be used to track carbon dioxide migration along selected azimuths. These 


measurements could be plotted against equivalent model outputs and may be used to validate or 


correct, as needed, the fluid flow model and plume tracking predictions to satisfy the requirements 


at 40 CFR §146.90(g). 


In addition, the use of DAS fiber, if deployed, will allow a very wide aperture of the acoustic array 


and will include surveillance of strata above the sequestered carbon dioxide plume. This will 


provide further assurance that no out-of-zone migration is occurring within the monitored area.  


9.2 PRESSURE FRONT MONITORING 


Table 14 presents the methods that Lapis Energy will use to monitor the position of the pressure 


front, including the activities, locations, and frequencies that will be employed.  


Quality assurance procedures for these methods are presented in Appendix 1.  


Direct pressure monitoring in the Injection Zones will be used to measure the injection induced 


pressure buildup with time in the sequestration complex. Pressure monitoring using down-hole 


pressure/temperature gauges, will be conducted in the active injection well. Gauges will be 


referenced to ground level at each well. These monitor points will be used to evaluate the pressure 


buildup with time within the injection well field. Additionally, direct pressure and temperature 


monitoring will be conducted in two project monitor wells located up and down dip of the injection 


well. Real-time, continuous pressure and temperature monitoring will be performed in each well. 


These two monitor points will be used to evaluate the rate and magnitude of pressure decay with 


distance away from the injection well field. 
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Table 14: Summary of monitoring intervals depths  


Monitoring Zone 


Expected Depth 


Range 


(feet BGL) 


Up Dip Monitor Down Dip Monitor 


ACZ 


-Tokio Sandstone 
2,900 to 3,000 -Not Monitored- -Not Monitored- 


Injection Zone 


 - Lower Hosston 


 - Cotton Valley 


3,900 to 6,350 3,900 to 6,350 3,900 to 6,350 


These measured pressures from the injection well and the offset monitor locations will be used to 


assess the performance of the Injection Zones to ensure that the project is operating as permitted 


and will form the basis for the periodic re-evaluation of the extent of the AoR. Recorded pressures 


at the injection well and the monitor locations will be compared to model predictions to determine 


if actual data deviate from baseline predictions. Significant departures of actual pressure data 


above model predictions will be used to trigger an adaptive re-assessment of the AoR, in addition 


to the minimum 5-year re-assessment time frame specified for periodic review. In addition to the 


assessment of the AoR, real-time data from the overlying monitoring will also be re-evaluated to 


ensure continued containment of the injected carbon dioxide within the sequestration complex.  


The locations of the Project Blue injection well and IZ monitoring wells are shown in Figure 2. 


The anticipated plume geometry and the AoR Pressure Front with time are presented in the “Area 


of Review and Corrective Action Plan” submitted in Module B. 


The downhole pressure and temperature data will be transmitted to the distributed control system 


for evaluation and storage. A data archiver may be used to permanently store data sets for later 


recovery. 
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10.0 SEISMICITY MONITORING 


Natural seismicity in the project area is exceedingly low and of low magnitude    


( https://earthquake.usgs.gov/earthquakes/search/ ). 


Induced seismicity risk is also low because of the high transmissivity of the Injection Zone(s), and 


the distance of the project from any nearby known faults. Additionally, injection rates and 


pressures will be maintained at 90% or less than the fracture pressure. Previous measurements of 


induced seismicity in Department of Energy supported research projects along the Gulf Coast (the 


Mississippi Cranfield Project, for example), have not detected induced seismicity events resulting 


from the injection of large volumes of carbon dioxide.  


Lapis will monitor the regional and local seismicity annually for any change in frequency through 


the United States Geological Society (USGS) National Earthquake Database, which provided real 


time data of seismic events. Only if a change in frequency occurs, will additional site-specific 


monitoring of local events be undertaken by Lapis Energy. 


  



https://earthquake.usgs.gov/earthquakes/search/
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11.0 APPENDIX: QUALITY ASSURANCE AND SURVEILLANCE PLAN 


The QASP is submitted as Appendix 1 to this Testing and Monitoring Plan. 
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A. PROJECT MANAGEMENT 


A.1. Project/Task Organization 


A.1.a/b. Key Individuals and Responsibilities 


The Project Blue sequestration project is led by Lapis Energy and includes participation from 


several subcontractors. The testing and monitoring activities responsibilities will be shared 


between Lapis Energy and their designated subcontractors, and conducted in the following 


subcategories: 


I) Sampling and analysis of the carbon dioxide stream, required at a frequency that will 


yield information on the chemical composition and physical characteristics of the 


injectate [40 CFR 146.90(a)]. 


II) Monitoring of operational parameters (injection pressure, rate, and volume, pressure 


on the annulus, and annulus fluid volume) through the use of continuous recording 


devices [40 CFR 146.90(b)]. 


III) Corrosion monitoring of injection well materials, required on a quarterly basis [40 CFR 


146.90(c)]. 


IV) Monitoring of groundwater quality and geochemical changes above the confining 


zone(s), at a site-specific frequency and spatial distribution [40 CFR 146.90(d); EPA, 


2013a;b; EPA, 2016]. 


V) External Mechanical Integrity Testing (MIT), at least once per year [40 CFR 


146.90(e)]. 


VI) Pressure falloff testing, at least once every five years [40 CFR 146.90(f)]. 


VII) Testing and monitoring to track the extent of the carbon dioxide plume and the presence 


or absence of elevated pressure (e.g., pressure front) [40 CFR 146.90(g)]. 


VIII) Any additional monitoring that the UIC Program Director determines to be necessary 


to support, upgrade, and improve computational modeling of the AoR and to determine 


compliance with standards under 40 CFR 144.12 [40 CFR 146.90(i)]. 
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A.1.c. Independence from Project QA Manager and Data Gathering 


The majority of the physical samples collected, and data gathered as part of the Monitoring, 


Verification, and Accounting (MVA) Program will be analyzed, processed, or witnessed by third 


parties independent and outside of the project management structure. 


A.1.d. QA Project Plan Responsibility 


Lapis Energy is responsible for developing, maintaining, and distributing an official, approved 


Quality Assurance project plan. Lapis Energy will periodically (no less than once every five years) 


review the QASP and consult with the U.S. Environmental Protection Agency (USEPA) if/when 


changes to the plan are warranted. 


A.1.e. Organizational Chart for Key Project Personnel 


Figure 1 shows the organization structure of the project. Lapis Energy will provide to the 


Underground Injection Control (UIC) Program Director a contact list of individuals fulfilling these 


roles and updated the list ahead of injection if required. 


 


Figure 1. Lapis Energy – Project Blue Sequestration Project 
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A.2. Problem Definition/Background 


A.2.a. Reasoning 


This QASP is aimed at supporting the “E.1 - Testing and Monitoring Plan” (TMP) included in the 


Class VI permit request submitted by Lapis Energy for the geological sequestration of the carbon 


dioxide. This plan addresses the requirements of the Class VI Rule specifications and the Carbon 


Capture and Sequestration (CCS) Protocol under the USEPA, and employs best practices 


developed in similar CO2 injection and storage projects. 


The primary goal of the MVA Program is to demonstrate that project activities are protective of 


human health and the environment. This QASP was developed to help achieve this goal and to 


ensure the quality standards of the TMP meet the requirements of the USEPA UIC Program for 


Class VI wells. A robust risk based MVA program has been developed for the Project Blue site 


based upon the knowledge and experience gained through the analysis of the comprehensive 


dataset acquired in offset wells and the preparation of the permit application modules which assure 


with a high level of confidence that the storage units will be capable to accept and permanently 


retain the injectate. This will be confirmed by the data acquired in the injection well. 


The Lapis Energy project’s MVA program has all the operational monitoring, verification, and 


environmental monitoring components. Operational monitoring will be used to ensure safety with 


all procedures associated with fluid injection and monitor the response of storage units and the 


movement of the CO2 plume. Key monitoring parameters include the pressure of injection well 


tubing and annulus, storage units, above seal strata, and lowermost underground source of drinking 


water (USDW) reservoir. Other monitoring parameters include injection rate, total mass and 


volume injected, injection well temperature profile, and passive seismic. The verification 


component will provide information to evaluate if leakage of CO2 through the caprock is occurring. 


This includes pulse neutron logging, pressure, and temperature monitoring. The environmental 


monitoring component will determine if the injectate is being released into the shallow subsurface 


or biosphere. This monitoring also includes pulse neutron logging, as well as groundwater 


monitoring. 
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A.2.b. Reasons for Initiating the Project 


The TMP goals are to comply with the Class VI protocols and document, via targeted data 


collection, that the predictions made during subsurface characterization and modeling are correct 


and that the CO2 and brine solutions will remain in the permitted Injection Zones, and isolated 


from the USDW,  the near-surface, and atmosphere. 


A.2.c. Regulatory Information, Applicable Criteria, Action Limits 


The Class VI Rule requires owners or operators of Class VI injection wells to perform several 


types of activities during the lifetime of the project in order to ensure that each injection well 


maintains its mechanical integrity, that fluid migration and the extent of pressure elevation are 


within the limits described in the permit application, and that USDWs are not endangered. These 


monitoring activities include Mechanical Integrity Tests (MITs), injection well testing during 


operations, monitoring of groundwater quality immediately above the Confining Zone and within 


overlying USDWs, and tracking of the CO2 plume and associated pressure front. This document 


details the measurements that will be taken as well as the steps to ensure that data quality is such 


that data can be used with confidence in making decisions during the life of the project. 


A.3. Project/Task Description 


A.3.a/b. Summary of Work to be Performed 


Table 1 describes the TMP tasks, including locations, analytical techniques, methods, responsible 


parties, and purposes. Note that the testing frequency is provided in the TMP. Tables 2 and 3 


summarize the instrumentation and geophysical surveys, respectively. 
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Table 1. Summary of Testing and Monitoring  


Activity Location(s) Method Analytical Technique Lab/Custody Purpose 


Carbon dioxide stream 


analysis 
Flowline High-pressure vessel 


Standard laboratory gas 


analyses 


Accredited 


Lab/Third party 


Monitor injectate 


quality 


Injection rate/volume 
Flowline – After 


compressor 
Flow meter 


Direct continuous 


measurement 
N/A Monitor rate/volume 


Injection pressure 
Injection well – 


Wellhead  
Pressure gauge 


Direct continuous 


measurement 
N/A 


Monitor injection 


pressure at surface 


Injection temperature 
Injection well – 


Wellhead  
Temperature gauge 


Direct continuous 


measurement 
N/A 


Monitor injection 


temperature at surface 


Annular pressure 
Injection well – 


Wellhead  
Pressure gauge 


Direct continuous 


measurement 
N/A 


Monitor annular 


pressure at surface 


In Zone downhole 


pressure/temperature 
Injection well 


Wireline downhole 


pressure/temperature 


gauge 


Direct continuous 


measurement 
N/A 


Monitor reservoir 


response 


Corrosion monitoring 
Flowline – After 


compressor 


Weight loss in holder, 


and observation 


ASTM G1-03 and/or 


NACE Standard RP0775-


2005 Item No. 21017 


Third-party Monitor corrosion risk 


Distributed Temperature 


Sensing (DTS) fiber 


optics1  
Injection well Fiber optic cable 


Direct continuous 


measurement 
Third-party 


Monitor wellbore 


integrity 


Mechanical integrity 


(casing) 
Injection well Various 


40 CFR §146.87 (a)(4) 


and 40 CFR §146.89 


(c)(2) 


Third-party 


Monitor wellbore 


integrity and detect 


potential leakage 


through casing 
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Activity Location(s) Method Analytical Technique Lab/Custody Purpose 


Mechanical integrity 


(cement) 
Injection well 


Wireline cement 


evaluation logging 
Provided by vendor Third-party 


Monitor wellbore 


integrity and detect 


potential leakage 


through cement 


Pressure falloff testing Injection well 


EPA Region 6 UIC 


Pressure Falloff 


Testing Guideline – 


Third Revision 


(August 8, 2002) 


EPA Region 6 UIC 


Pressure Falloff Testing 


Guideline – Third 


Revision (August 8, 2002) 


Third-party 


Monitor wellbore 


integrity and assess 


injectivity 


Wireline logging – 


pulsed neutron logging 
Injection well 


Wireline formation 


evaluation logging 
Provided by vendor Third-party 


Identify zones that are 


accepting CO2 


In Zone pressure 


monitoring 
2 selected wells 


Downhole 


pressure/temperature 


gauge 


Direct continuous 


measurement 
N/A 


Monitor In Zone 


pressure/temperature  


Above Confining Zone 


pressure monitoring 


(ACZMI) – Tokio 


1 on-site monitor 


well 


Downhole 


pressure/temperature 


gauge 


Direct continuous 


measurement 
N/A 


Monitor pressure 


above Confining Zone  


Sampling-Tokio 
1 on-site monitor 


well 


Swab or other 


method 


Chemical/physical 


analyses 


Lab(s) accredited by 


the ADEQ or ISO 


Monitor above 


Sequestration 


Complex 


USDW groundwater 


quality monitoring 


El Dorado Chemical 


Company water 


supply wells 


(WSWs) 


Pumping or other 


method 


Chemical/physical 


analyses 


Lab(s) accredited by 


the ADEQ or ISO 


Monitor environmental 


changes within 


groundwater resource 







Revision Number: 0 


Revision Date: January 2023 


Module E – Project Plan Submissions 


Testing & Monitoring Plan Appendix 1 


Quality Assurance and Surveillance Plan – Project Blue 


Class VI Permit Number: R06-AR-0001  Appendix 1 - Page 14  
 


Activity Location(s) Method Analytical Technique Lab/Custody Purpose 


CO2 plume tracking 
Injection and/or 


monitoring well(s) 


Time-Lapse Vertical 


Seismic Profiles 


(VSP) or other 


method 


Provided by vendor Third-party 


Track CO2 plume size 


and monitor changes 


in subsurface 


1 If deployed  
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Table 2. Instrumentation Summary 


Monitoring Location Instrument Type 
Monitoring Target 


(Formation or Other) 


Data Collection 


Location(s) 
Explanation 


CO2 facility 
High-pressure vessel Surface/flowline Tap on flowline Monitor injectate quality 


 Flow meter Surface/flowline Flowline Monitor injectate rate/volume 


Injection well 


Pressure/temperature 


gauge (on tubing) 
Wellhead Wellhead tap 


Monitor injection conditions; 


safety and compliance 


Pressure gauge 


 (on annulus) 
Wellhead Wellhead tap 


Monitor injection conditions; 


safety and compliance 


Wireline downhole 


pressure/temperature 


gauge 


Injection Zones Perforations 
Monitor downhole conditions; 


safety and compliance 


Weight loss coupons in 


holder 
Surface/flowline 


ASTM G1-03 and/or NACE 


Standard RP0775-2005                                         


Item No 21017 


Monitor corrosion 


Distributed Temperature 


Sensing (DTS) fiber optic 


cable1 


Whole formation section 


down to Confining Zone 


Dedicated server                      


(VSP array) 
Monitor wellbore integrity 


Various Whole formation section 
40 CFR §146.87 (a)(4) and 


40 CFR §146.89 (c)(2) 
Monitor wellbore integrity 


Wireline cement 


evaluation logging 
Whole formation section Casing Monitor wellbore integrity 


EPA Region 6 UIC 


Pressure Falloff Testing 


Guideline – Third 


Revision (August 8, 2002) 


Injection Zone 


EPA Region 6 UIC Pressure 


Falloff Testing Guideline – 


Third Revision                    


(August 8, 2002) 


Monitor wellbore integrity and 


assess injectivity 


Wireline formation 


evaluation logging tools 
Whole formation section Open Hole 


Track formation property 


changes 
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Monitoring Location Instrument Type 
Monitoring Target 


(Formation or Other) 


Data Collection 


Location(s) 
Explanation 


Distributed Acoustic 


Sensing (DAS) fiber optic 


cable1 
Whole formation section 


Dedicated server                   


(VSP array) 


CO2 plume tracking and well 


integrity 


In Zone (IZ) 


Monitoring Wells  


Pressure/temperature 


gauge (on tubing) 
Injection Zone Wellhead Safety and compliance 


Downhole 


pressure/temperature 


gauge 


Injection Zone Perforations 


Monitor downhole conditions of 


pressure/temperature in the 


Injection Zone 


Above Confining Zone 


(ACZ) Monitoring 


Well  


Tokio Formation 


Pressure/temperature 


gauge (on tubing) 


Tokio Formation 


immediately above 


Confining Zone 


Wellhead Safety and compliance 


Downhole 


pressure/temperature 


gauge 


Tokio Formation Perforations 
Verify that no fluid is escaping 


from the Sequestration Complex 


USDW Monitoring 


Wells 


Downhole, submersible 


pump, or equivalent 
Sparta Formation Aquifers 


Perforations within screened 


interval or wellhead tap 


Identify potential CO2 leaks and 


discern the source(s) of detected 


CO2  


VSP stations or other 


method 


Time-lapse VSP or other 


time-lapse method 
Reservoir – Plume Tracking Surface and in wellbore 


Monitor CO2 plume size and 


reservoir integrity 
1 If deployed  
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Table 3. Geophysical Survey Summary.  


Monitoring 


Location 


Instrument 


Type 


Monitoring Target 


(Formation or Other) 


Data Collection 


Location(s) 
Explanation 


IZ Monitoring Wells 


Time-lapse 


VSP or other 


time-lapse 


method 


Injection Zones Surface and in wellbore 
Monitor plume extent and 


potential out-of-zone movement 
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A.3.c. Geographic Locations 


The injection well will be located within the property owned by the LSB Industries -  El Dorado 


Chemical Company as shown in Figure 2 of the TMP.  Direct monitoring in two wells completed 


into the active Injection Zone will be used to detect and define the dimensions of the carbon dioxide 


plume during well operations.  The first monitor well will be located up structure from the injection 


well near the northeastern facility border and will be re-completed into an already existing plugged 


wellbore. Schuler Drilling, EDC No. 1 well. will be re-entered and completed across all injection 


zones for direct and indirect monitoring. A second monitoring well will be located down structure 


near the southwestern facility border. These wells will constrain the dimensions and location of 


the sequestered carbon dioxide plumes. Each well will also have a transmitter gauge at surface to 


continuously record tubing pressure. Experience from previously implemented carbon capture and 


sequestration projects indicates carbon dioxide will rapidly evacuate the wellbore fluids in a 


monitoring well that has an open Injection Zone, which will result in increased wellhead pressures 


due to the lighter column of gas replacing the brine fluid column. 


Above Confining Zone (ACZ) monitoring will occur in a well drilled and completed in the Tokio 


Formation and will also be located on the El Dorado Chemical Company’s property. The Tokio 


Formation is a porous Upper Cretaceous sandstone located at a depth of approximately 2,900 to 


3,000 feet below ground level. The Tokio Formation is located stratigraphically just above the 


Lower Cretaceous Unconformity just above the Confining Zone. The ACZ Monitoring Well will 


be located near the point of carbon dioxide injection, where elevated formation pressure in the 


Injection Zone,  is expected to be the greatest. 


The aquifers of the Sparta Formation will be monitored during the baseline phase utilizing select 


El Dorado Chemical Company operated water supply wells (WSWs) located both on- and off-site 


within the Area of Review (AoR).  The Greensand and El Dorado Aquifers are porous, freshwater 


groundwater resources located at depths of approximately 200 to 400 and 500 and 800 feet below 


ground level, respectively. The Sparta Formation is separated from the underlying Cretaceous 


section by the Midway Shale, an extensive, regional shale that extends throughout the Gulf Coast 


area. A subset of the El Dorado Chemical Company operated WSWs focusing on the projected 
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extent of the 10- and 100-year plumes will be included in the USDW monitoring program during 


the injection and post-injection phases of the Project Blue sequestration project. 


Figure 1 of the TMP presents a cross sectional view of the deep subsurface monitoring network. 


Figure 3 of the TMP presents the locations of the proposed El Dorado Chemical Company WSWs 


that will be assessed during the baseline and/or injection phases of the CCS project. 


A.3.d. Resource and Time Constraints 


No additional resource or time constraints have been identified for the TMP beyond project 


funding levels and the proposed timeline. 


A.4. Quality Objectives and Criteria 


A.4.a. Performance/Measurement Criteria 


The objective of the QASP is to develop and implement procedures for near-surface and subsurface 


testing and monitoring, field sampling, laboratory analyses, and reporting, which will be used to 


track and meet the requirements of the non-endangerment goals of the project. Groundwater 


monitoring will be conducted during the pre-injection, injection, and post-injection phases of the 


project. Existing El Dorado Chemical Company operated WSWs screened within the Sparta 


Formation will be selected as locations for USDW water quality sampling. Additionally, water 


quality monitoring in the saline Tokio Formation, immediately above the Confining Zone, will be 


conducted during the pre-injection, injection, and post-injection phases of the project. The 


analytical and field parameters for fluid samples from the USDW and Tokio Formation are listed 


in Tables 4 and 5. Tables 6 and 7 provide the analytical parameters for carbon dioxide stream 


monitoring and corrosion coupon assessment, respectively, while Table 8 details the measurement 


parameters for the field gauges. The TMP outputs are presented in Table 9. 


Note that these tables will be periodically updated as the vendor selection and onboarding process 


advance. Adjustments will also be incorporated as the relevant scope of work is adopted and 


implemented.
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Table 4. Summary of Analytical and Field Parameters for Fluid Samples in Sparta Formation USDW 


Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 


Cations:  


Al, Ba, Mn, As, Cd, Cr, 


Cu, Pb, Sb, Se, Sr, and Tl 


ICP-MS(2), EPA Method 


6020B 
0.002 - 0.02 mg/L ± 10% 


Frequent calibration, method blank, 


lab control samples, matrix spikes 


and sample duplicate 


Cations: 


Ca, Fe, K, Mg, Na, and Si 
ICP, EPA Method 6010D 0.2 - 0.5 mg/L ± 10% 


Frequent calibration, method blank, 


lab control samples, matrix spikes 


and sample duplicate 


Anions: 


Br, Cl, F, NO3, and SO4 


Ion chromatography, EPA 


Method 300.0 
0.1 - 0.5 mg/L ± 10 to 20% 


Frequent calibration, method blank, 


lab control samples, matrix spikes 


and sample duplicate 


Alkalinity (total and 


bicarbonate) 
Standard Method 2320B 4.0 mg/L ± 15% 


Frequent calibration, method blank, 


lab control samples, matrix spikes 


and sample duplicate 


Total Dissolved Solids 


(TDS) 
Standard Method 2540C 5.0 mg/L ± 20% 


Frequent calibration, method blank, 


lab control samples, matrix spikes 


and sample duplicate 


Water density (lab) Standard Method 2710F N/A N/A  
Frequent calibration and sample 


duplicate 


Water density (field) 


Sigma is calculated from 


salinity, temperature, and 


pressure 


0.0 to 5.0 sigma 


Dependent on 


salinity, temperature, 


and pressure sensors 


Daily field calibration. 


pH (lab) Standard Method 4500 H+B 0.1 S.U. ± 0.1 S.U. 
Frequent calibration and sample 


duplicate 


pH (field) 
Standard Method 4500-H+ 


B-2000 
0 to 14 S.U. ± 0.2 S.U. Daily field calibration. 
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Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 


Specific conductance 


(field) 


Standard Method 2510 B-


1997 
0 to 200 mS/cm 


± 0.5% of reading or 


0.001 mS/cm, 


whichever is greater 


Daily field calibration. 


Temperature (field) 
Thermistor, Standard 


Method 2550 B-2000 
-5 to 70°C (23 to 158°F) ± 0.2°C Daily field calibration. 


Turbidity (field) 
Nephelometric - Optical, 90° 


Scatter 
0 to 4000 FNU 


0 to 999 (0.3 or ±2% 


of reading, 


whichever is greater) 


1000 to 4000 (±5% 


of reading) 


Daily field calibration. 


Oxidation-Reduction 


Potential (field) 


Platinum Button; Ag/AgCl 


Reference 
-1999 to +1999 mV ± 20 mV Daily field calibration. 


Dissolved oxygen (field) ASTM Method D888-09 (C) 0 to 50 mg/L 


0 to 20 mg/L (±0.1 


mg/L or 1% of 


reading, whichever 


is greater) 


20 – 50 mg/L (±8% 


of reading) 


Daily field calibration. 


Dissolved Inorganic 


Carbon (DIC) 
Standard Method 5310B 1.0 mg/L ± 20% 


Frequent calibration, method blank, 


lab control samples, matrix spikes 


and sample duplicate 


Isotopic composition of 


selected major or minor 


constituents (e.g., 
228Ra/226Ra; 87Sr/86Sr) 


EPA Method 901.1; ICP-MS 50.0 pCi/L; 0.02-4 ppb 
± 25%; ± 0.00005 


ppm 


Frequent calibration, method blank, 


lab control samples, matrix spikes 


and sample duplicate. 


At least one secondary standard is 


measured with each sample batch 


and approx. 10% of samples 


submitted are prepared and 


measured a second time. 
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Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 


δ18O and δ2H of H2O Analyzed via CRDS N/A 
δ18O: 0.10 per mil, 


δ2H: 2.0 per mil 


20% of all analyses are either 


check/reference standards or 


duplicate analyses. 


δ13C of DIC GasBench/CF-IRMS 
Depends on available 


sample volume 
0.20 per mil 


20% of all analyses are either 


check/reference standards or 


duplicate analyses. 


14C of DIC AMS 
Depends on available 


sample volume 
+/- 1-2 pMC 


Daily monitoring of instrumentation 


and chemical purity in additional to 


extensive computer and human 


cross-checks. 


Dissolved CO2, N2, Ar, 


O2, He, C1-C6+, by 


headspace 


Lab in-house SOP, similar to 


RSK-175 


Lowest quantifiable limits 


1-100 ppm, varies by 


component 


C1-C4: ± 5% 


C5-C6+: ± 10% 


20% of all analyses are either 


check/reference standards or 


duplicate analyses. 


δ13C of dissolved 


methane, ethane, propane, 


and CO2, δ2H of methane 


High precision (offline) 


analysis via dual inlet IRMS 
Varies by component 


δ13C: 0.1 per mil 


δ2H: 3.5 per mil 


20% of all analyses are either 


check/reference standards or 


duplicate analyses. 


Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 


Note 2: AMS = accelerator mass spectrometer; CRDS= cavity ring-down spectroscopy; ICP = inductively coupled plasma; IRMS = isotope ratio mass 


spectrometry; MS = mass spectrometry. 


Note 3: All analyses will be performed by accredited laboratories in Arkansas or by the International Organization of Standardization (ISO). 
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Table 5. Summary of Analytical and Field Parameters for Fluid Samples in Tokio Formation 


Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 


Cations:  


Al, Ba, Mn, As, Cd, Cr, 


Cu, Pb, Sb, Se, Sr, and Tl 


ICP-MS(2), EPA Method 


6020B 
0.002 - 0.02 mg/L ± 10% 


Frequent calibration, method blank, 


lab control samples, matrix spikes 


and sample duplicate 


Cations: 


Ca, Fe, K, Mg, Na, and Si 
ICP, EPA Method 6010D 0.2 - 0.5 mg/L ± 10% 


Frequent calibration, method blank, 


lab control samples, matrix spikes 


and sample duplicate 


Anions: 


Br, Cl, F, NO3, and SO4 


Ion chromatography, EPA 


Method 300.0 
0.1 - 0.5 mg/L ± 10 to 20% 


Frequent calibration, method blank, 


lab control samples, matrix spikes 


and sample duplicate 


Alkalinity (total and 


bicarbonate) 
Standard Method 2320B 4.0 mg/L ± 15% 


Frequent calibration, method blank, 


lab control samples, matrix spikes 


and sample duplicate 


Total Dissolved Solids 


(TDS) 
Standard Method 2540C 5.0 mg/L ± 20% 


Frequent calibration, method blank, 


lab control samples, matrix spikes 


and sample duplicate 


Water density (lab) Standard Method 2710F N/A N/A 
Frequent calibration and sample 


duplicate 


Water density (field) 


Sigma is calculated from 


salinity, temperature, and 


pressure 


0.0 to 5.0 sigma 


Dependent on 


salinity, temperature, 


and Pressure sensors 


Daily field calibration. 


pH (lab) 
Standard Method 4500 


H+B 
0.1 S.U. ± 0.1 S.U. 


Frequent calibration and sample 


duplicate 


pH (field) 
Standard Method 4500-H+ 


B-2000 
0 to 14 S.U. ± 0.2 S.U. Daily field calibration. 
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Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 


Specific conductance 


(field) 


Standard Method 2510 B-


1997 
0 to 200 mS/cm 


± 0.5% of reading or 


0.001 mS/cm, 


whichever is greater 


Daily field calibration. 


Temperature (field) 
Thermistor, Standard 


Method 2550 B-2000 
-5 to 70°C (23 to 158°F) ± 0.2°C Daily field calibration. 


Turbidity (field) 
Nephelometric - Optical, 


90° Scatter 
0 to 4000 FNU 


0 to 999 (0.3 or ±2% 


of reading, 


whichever is greater) 


1000 to 4000 (±5% 


of reading) 


Daily field calibration. 


Oxidation-Reduction 


Potential (field) 


Platinum button; Ag/AgCl 


Reference 
-1999 to +1999 mV ± 20 mV Daily field calibration. 


Dissolved oxygen (field) 
ASTM Method D888-09 


(C) 
0 to 50 mg/L 


0 to 20 mg/L (±0.1 


mg/L or 1% of 


reading, whichever 


is greater) 


20 – 50 mg/L (±8% 


of reading) 


Daily field calibration. 


Dissolved Inorganic 


Carbon (DIC) 
Standard Method 5310B 1.0 mg/L ± 20% 


Frequent calibration, method blank, 


lab control samples, matrix spikes 


and sample duplicate 


Isotopic composition of 


selected major or minor 


constituents (e.g., 
228Ra/226Ra; 87Sr/86Sr) 


EPA Method 901.1; ICP-


MS 
50.0 pCi/L; 0.02-4 ppb 


± 25%; ± 0.00005 


ppm 


Frequent calibration, method blank, 


lab control samples, matrix spikes 


and sample duplicate; 


At least one secondary standard is 


measured with each sample batch 


and approx. 10% of samples 


submitted are prepared and 


measured a second time. 
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Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 


δ18O and δ2H of H2O Analyzed via CRDS N/A 
δ18O: 0.10 per mil, 


δ2H: 2.0 per mil 


20% of all analyses are either 


check/reference standards or 


duplicate analyses. 


δ13C of DIC GasBench/CF-IRMS 
Depends on available 


sample volume 
0.20 per mil 


20% of all analyses are either 


check/reference standards or 


duplicate analyses. 


14C of DIC AMS 
Depends on available 


sample volume 
+/- 1-2 pMC 


Daily monitoring of instrumentation 


and chemical purity in additional to 


extensive computer and human 


cross-checks. 


Dissolved CO2, N2, Ar, 


He, O2, C1 - C6+ by 


headspace 


Lab in-house SOP, similar 


to RSK-175 


Lowest quantifiable limits 


1-100 ppm, varies by 


component 


C1-C4: ± 5% 


C5-C6+: ± 10% 


20% of all analyses are either 


check/reference standards or 


duplicate analyses. 


δ13C of dissolved 


Methane, Ethane, 


Propane, and CO2, δ2H of 


Methane 


High precision (offline) 


analysis via dual inlet 


IRMS 


Varies by component 
δ13C: 0.1 per mil 


δ2H: 3.5 per mil 


20% of all analyses are either 


check/reference standards or 


duplicate analyses. 


Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 


Note 2: AMS = accelerator mass spectrometer; CRDS= cavity ring-down spectroscopy; ICP = inductively coupled plasma; IRMS = isotope ratio mass 


spectrometry; MS = mass spectrometry. 


Note 3: All analyses will be performed by accredited laboratories in Arkansas or by ISO. 
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Table 6. Summary of Analytical Parameters for CO2 Stream at the Surface 


Parameters Analytical Methods(1) Detection Limit/Range Typical Precisions QC Requirements 


Carbon dioxide 


ISBT 2.0 Method- caustic 


absorption Zahm-Nagel 


 


ALI Method SAM 4.1- 


Subtraction Method 


(GC/DID) 


 


GC/TCD 


99.00 to 99.99% 


 


 


1 ppm for each target analyte 


(analyte dependent) 


 


 


0.1 to 100% 


±10% of reading 


 


 


5-10% relative across 


the range 


 


 


5-10% relative across 


the range, RT±0.1 min 


User calibration per manufacturer 


recommendation 


 


Duplicate analysis within 10% of 


each other 


 


 


Standard with every sample, 


duplicate analysis within 10% of 


each other 


Oxygen 


ISBT 4.0 (GC/DID) 


GC/TCD 


1 to 5,000 μL/L (ppm by 


volume) 


 


 


 


0.1 to 100% 


±10% of reading 


 


 


 


5-10% relative across 


the range, RT±0.1 min 


Daily standard within 10% of 


calibration, secondary standard 


after calibration 


 


Daily standard, duplicate analysis 


within 10% of each other 


Nitrogen 


ISBT 4.0 (GC/DID) 


 


 


 


GC/TCD 


5 to 100 μL/L (ppm by 


volume) 


 


 


 


0.1 to 100% 


±20% of reading 


 


 


 


5-10% relative across 


the range, RT±0.1 min 


Daily standard within 10% of 


calibration, secondary standard 


after calibration 


 


Daily standard, duplicate analysis 


within 10% of each other 


Carbon monoxide 


ISBT 5.0 Colorimetric 


 


 


ISBT 4.0 (GC/DID) 


1 to 5,000 μL/L (ppm by 


volume) 


 


1 to 5,000 μL/L (ppm by 


volume) 


±10% of reading 


 


 


±10% of reading 


Duplicate analysis 


 


Daily standard within 10% of 


calibration, secondary standard 


after calibration 
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Hydrogen sulfide ISBT 14.0 (GC/SCD) 


0.01 to 50 μL/L (ppm by 


volume) – dilution 


dependent 


5-10% of reading 


relative across the 


range 


Daily blank, daily standard within 


10% of calibration, secondary 


standard after calibration 


Nitrogen oxides ISBT 7.0 Colorimetric 
0.2 to 5 μL/L (ppm by 


volume) 
±20% of reading Duplicate analysis 


Sulfur dioxide ISBT 14.0 (GC/SCD) 


0.01 to 50 μL/L (ppm by 


volume) – dilution 


dependent 


5-10% of reading 


relative across the 


range 


Daily blank, daily standard within 


10% of calibration, secondary 


standard after calibration 


Methane ISBT 10.1 (GC/FID) 


0.1 to 1,000 μL/L (ppm by 


volume) – dilution 


dependent 


5-10% of reading 


relative across the 


range 


Daily blank, daily standard within 


10% of calibration, secondary 


standard after calibration 


Total hydrocarbons ISBT 10.0 THA (FID) 


1 to 10,000 μL/L (ppm by 


volume) – dilution 


dependent 


5-10% of reading 


relative across the 


range 


Daily blank, daily standard within 


10% of calibration, secondary 


standard after calibration 


Acetaldehyde ISBT 11.0 (GC/FID) 


0.1 to 100 μL/L (ppm by 


volume) – dilution 


dependent 


5-10% of reading 


relative across the 


range 


Daily blank, daily standard within 


10% of calibration, secondary 


standard after calibration 


Ethanol ISBT 11.0 (GC/FID) 


0.1 to 100 μL/L (ppm by 


volume) – dilution 


dependent 


5-10% of reading 


relative across the 


range 


Daily blank, daily standard within 


10% of calibration, secondary 


standard after calibration 


Note 1: An equivalent method may be employed with the prior approval of the UIC Program Director. 


Note 2: All analyses will be performed by accredited laboratories in Arkansas or by ISO. 
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Table 7. Summary of Analytical Parameters for Corrosion Coupons 


Parameters Analytical Methods 
Detection 


Limit/Range 
Typical Precisions QC Requirements 


Mass 
NACE Standard RP0775-


2005 Item No. 21017 
0.005 mg ±2% 


Annual calibration of scale (third-


party) 


Thickness 
NACE Standard RP0775-


2005 Item No. 21017 
0.001 mm ±0.005 mm Factory calibration 


Table 8. Summary of Measurement Parameters for Field Gauges 


Parameters Methods Detection Limit/Range Typical Precisions QC Requirements 


Booster pump discharge 


pressure (PIT-012) 


ANSI Z540-1-1994 
±0.001 psi / 0-3,000 psi ±0.01 psi 


Annual calibration of scale or to 


manufacturers specs (third-party) 


Injection tubing temperature 


(TIT-019) 


ANSI Z540-1-1994 
±0.001 F / 0-500 F ±0.01 F 


Annual calibration of scale or to 


manufacturers specs (third-party) 


Annulus pressure (PIT-014) ANSI Z540-1-1994 
±0.001 psi / 0-3,000 psi ±0.01 psi 


Annual calibration of scale or to 


manufacturers specs (third-party) 


Injection tubing pressure 


(PIT-009) 


ANSI Z540-1-1994 
±0.001 psi / 0-3,000 psi ±0.01 psi 


Annual calibration of scale or to 


manufacturers specs (third-party) 


Injection mass flow rate 


(FIT-006) 


Direct measurement ±0.1% of rate/50,522-


303,133 lbs./hr 
±0.01 lbs./hr 


Annual calibration of scale or to 


manufacturers specs (third-party) 


Downhole pressure Direct measurement 
±0.1 psi / 0-10,000 psi ±0.2% of scale 


Annual calibration of scale or 


verification against wireline gauge 


Downhole temperature Direct measurement 
±0.01 oC/125 oC ±0.5% of scale 


Annual calibration of scale or 


verification against wireline gauge 
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Table 9. Actionable Testing and Monitoring Outputs 


 


Activity or 


Parameter 
Project Action Limit Detection Limit Anticipated Reading 


External mechanical 


integrity (DAS/DTS 


fiber optic cable) (4)  


Measure thermal and 


acoustic anomalies 


between normal and shut-


in operations to detect 


potential leakage into 


USDW through vertical 


channels adjacent to 


injection wellbore(s) 


(1) (1) 


Internal mechanical 


integrity (pulsed 


neutron logging)  


Measure response to 


neutron pulse, through 


casing, to detect potential 


leakage in casing, tubing, 


or packer 


Tool logging mode and 


logging speed dependent 


No statistically 


significant difference 


from baseline log run.  


Surface pressure 


gauges 


Pressure approaching 


modeled or permitted 


limit 


(1) (1) 


Downhole pressure 


gauges 


Pressure approaching 


modeled or permitted 


limit 


(1) (1) 


Groundwater and 


environmental 


parameters  


A departure between 


observed and baseline/ 


seasonal parameter 


patterns  


 


(2) (2) 


Water quality 


measurements in ACZ 


Monitoring Well 


Tokio Formation 


A departure between 


observed and baseline/ 


seasonal parameter 


patterns  


 


(2) (2) 


Mismatch between 


modeled and observed 


In Zone pressure 


response 


Action when pressure 


response is outside of 


bounds model outcomes 


by 1.5X or approaching 


maximum permit values 


(1) Formation pressures 


within bounds of model 


outcomes 


Mismatch between 


modeled and observed 


plume migration 


Action when plume is 


outside of bounds of the 


Sequestration Complex 


Dependent of rock 


properties and contrast in 


density due to fluid 


saturations 


Plume geometry within 


bounds of model 


outcomes 
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Note 1: These data limits are to be determined during well engineering design, after assessment of available 


instruments. 


Note 2: The methodology for anomaly detection and attribution requires data collection to identify natural and 


spatial variation and comparison to fluid compositions to identify a leakage signal. This will be added to 


the monitoring plan and used to follow up incident or allegation to attribute signal. 


Note 3: Actual mismatch between modeled and observed In Zone pressure response and plume tracking depends on 


recalibration of the model with new data, followed by a forward model to determine any unacceptable 


outcomes, result from the production of pressure and plume evolution. 


Note 4: If deployed 


 


A.4.b. Precision 


Precision will be determined after the different vendors and contractors are selected, per their 


individual standard operating procedures. Tables 10 to 15 summarize examples of detailed 


specifications for the downhole and field gauges. In the wellbore, the downhole gauges include 


pressure and temperature measurements. At the surface, the field gauges include injection tubing 


pressure and temperature, annulus pressure, and CO2 mass flow rate. 


Table 10. Pressure and Temperature - Downhole Gauge Specifications 


Parameter Value 


Calibrated working pressure range Atmospheric to 10,000 psi 


Initial pressure accuracy ±0.2% over full scale 


Pressure resolution ±0.1 psi 


Pressure drift stability ±0.2% over full scale per annum 


Calibrated working temperature range 0-125 ºC 


Initial temperature accuracy ±0.5% over full scale 


Temperature resolution ±0.01 ºC 


Temperature drift stability ±0.2% over full scale per annum 


Max temperature ±125 ºC 


Instrument calibration frequency 
Annual verification or per manufactures 


specification 
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Table 11. Pressure Field Gauge - Injection Tubing Pressure 


Parameter Value 


Calibrated working pressure range 0 to 3,000 psi 


Initial pressure accuracy <±0.25% over full scale 


Pressure resolution <±1 psi 


Pressure drift stability To be determined 


Table 12. Pressure Field Gauge - Annulus Pressure 


Parameter Value 


Calibrated working pressure range 0 to 3,000 psi 


Initial pressure accuracy <±0.25% over full scale 


Pressure resolution <±1 psi 


Pressure drift stability To be determined 


Table 13. Temperature Field Gauge - Injection Tubing Temperature 


Parameter Value 


Calibrated working temperature range 0 to 500 ºF 


Initial temperature accuracy <±0.4% over full scale 


Temperature resolution <±4 ºF 


Temperature drift stability To be determined 


Table 14. Mass Flow Rate Field Gauge - CO2 Mass Flow Rate 


Parameter Value 


Calibrated working flow rate range ±100 liters per minute 


Initial mass flow rate accuracy ±1.5 % of rate - liquid 


Mass flow rate repeatability ±0.05 % of rate - liquid 


Mass flow rate drift stability To be determined after first year 
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Table 15. Representative Logging Tool Specifications 


Parameter Pulsed Neutron Cement Bond Casing Imager 


Logging speed 3.600 ft/hr 3,600 ft/hr Variable 400 to 4,500 ft/hr 


Vertical resolution 15 inches 3 feet 6 inches 


Investigation Fluid saturation Quality of bond Evaluation of casing and cement 


Temperature rating 350 ºF 350 ºF 350 ºF 


Pressure rating 15,000 psi 20,000 psi 20,000 psi 


A.4.c. Bias 


Laboratory assessment of analytical bias will be the responsibility of the individual laboratories 


per their standard operating procedures and analytical methodologies. For gauge and logging 


measurements, no bias is reasonably expected. 


A.4.d. Representativeness 


For groundwater, data representativeness expresses the degree to which data accurately and 


precisely represents a characteristic subset of a given population, parameter variations at a 


sampling point, a process condition, or an environmental condition. The groundwater sampling 


networks have been designed to provide data representativeness of site conditions. For analytical 


results of individual groundwater samples, representativeness will be estimated by ion and mass 


balances. Ion balances with ±10% error or less will be considered valid.  Mass balance assessment 


will be used in cases where the ion balance indicates an error greater than ±10% to help determine 


the source of error. For a sample and its duplicate, if the relative percent difference is greater than 


10, the sample may be considered non-representative. 


A.4.e. Completeness 


For groundwater, data completeness is a measure of the amount of valid data obtained from a 


measurement system compared to the amount that was expected to be obtained under normal 


conditions. For direct pressure and temperature measurements, it is expected that data will be 


recorded no less than 90% of the time. 
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A.4.f. Comparability 


Data comparability expresses the confidence with which one dataset can be compared to another. 


The datasets to be generated by this project will be very comparable to future datasets because of 


the systematic use of standard methods and the level of QA/QC effort. If historical groundwater 


quality data becomes available from other sources, their applicability to the project and their level 


of quality will be assessed prior to use. Direct pressure, temperature, and logging measurements 


are directly comparable to previously obtained data.   


A.4.g. Method Sensitivity 


The sensitivity of the methods employed for this project will be discussed with the UIC Program 


Director after the draft of the TMP has been approved. 


A.5. Special Training/Certifications 


A.5.a. Specialized Training and Certifications 


The geophysical survey equipment and wireline logging tools will be operated by trained, 


qualified, and certified personnel, with documentation provided by the selected vendors. The 


subsequent data will be processed and analyzed according to industry standards. No specialized 


certifications are required for personnel conducting ground watersampling,  but field sampling will 


be conducted by trained personnel according to the project specific sampling procedures which 


will be provided by Lapis Energy. 


A.5.b/c. Training Provider and Responsibility 


Training for personnel will be provided by the operator or subcontractor responsible for the data 


collection activity. 


A.6. Documentation and Records 


A.6.a. Report Format and Package Information 


A semi-annual report from Lapis Energy to the USEPA will contain all required project data, 


including testing and monitoring information as specified by the UIC Class VI permit.  Data will 


be provided in electronic or other formats as requested by the UIC Program Director. 
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A.6.b. Other Project Documents, Records, and Electronic Files 


Other documents, records, and electronic files such as well logs, test results, or other data will be 


provided as requested by the UIC Program Director. 


A.6.c/d. Data Storage and Duration 


Lapis Energy or a designated contractor will maintain the required project data as provided 


elsewhere in the permit. 


A.6.e. QASP Distribution Responsibility 


Lapis Energy will be responsible for ensuring that all those on the distribution list will receive 


the most current copy of the approved QASP. 
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B. DATA GENERATION AND ACQUISITION 


B.1. Sampling Process Design 


Discussion in this section focuses on fluid sampling and does not address monitoring methods that 


do not gather physical samples (e.g., logging, seismic monitoring, and pressure/temperature 


monitoring). 


During the pre-injection phase, groundwater samples will be collected in general accordance with 


EPA Method SESDPROC-301-R4 (EPA, 2017) and analyzed for a suite of chemical and isotopic 


parameters to establish baseline reference data. Parameters include selected constituents that: (1) 


have primary and secondary USEPA drinking water maximum contaminant levels, (2) are the most 


responsive to interaction with CO2 or brine, (3) are needed for water quality control, and/or (4) 


may be needed for geochemical modeling. The full set of parameters for USDW and Tokio 


Formation sampling and testing is presented in Tables 4 and 5, respectively. After baseline is 


established, monitoring scope during the injection and post-injection phases will shift to a subset 


of indicator parameters that are (1) the most responsive to interaction with CO2 or brine, and (2) 


are needed for water quality control.  Implementation of a reduced set of parameters will be done 


in consultation with the UIC Program Director.    


During any period where a reduced set of analytes is used, if it is determined that a departure 


between observed and baseline parameter patterns appears to be related to potential carbon dioxide 


leakage or brine migration from the target reservoir, an adaptive sampling program may be 


initiated in consultation with the Director that includes additional analytical parameters.  


The groundwater samples will be analyzed by third-party laboratories meeting the requirements of 


the Arkansas Environmental Laboratory Accreditation Program or the ISO. All other samples will 


be analyzed by the operator or a third-party laboratory. Dissolved CO2 will be analyzed using 


methods consistent with Test Method B of ASTM D513-06, “Standard Test Methods for Total and 


Dissolved Carbon Dioxide in Water” or equivalent. Isotopic analysis will be conducted using 


established methods. 
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B.1.a. Design Strategy  


CO2 Stream Monitoring Strategy 


The primary purpose of analyzing the carbon dioxide stream is to evaluate the potential 


interactions of carbon dioxide and/or other constituents of the injectate with formation solids and 


fluids. This analysis can also identify (or rule out) potential interactions with well materials. 


Establishing the chemical composition of the injectate also supports the determination of whether 


the injectate meets the qualifications of hazardous waste under the Resource Conservation and 


Recovery Act (RCRA), 42 U.S.C. §6901 et seq. (1976), and/or the Comprehensive Environmental 


Response, Compensation, and Liability Act (CERCLA), 42 U.S.C. §9601 et seq. (1980). 


Additionally, monitoring the chemical and physical characteristics of the carbon dioxide (e.g., 


isotopic signature, other constituents) may help distinguish the injectate from the native fluids and 


gases if unintended leakage from the storage reservoir occurred. 


Injectate monitoring is required at a sufficient frequency to detect changes to any chemical and 


physical properties that may result in a deviation from the permitted specifications.  Analyses of 


the injected stream will occur quarterly or when a “know” change in the process that could affect 


stream composition occurs. 


Calibration of transmitters used to monitor pressures, temperatures, and flow rates of CO2 into the 


injection well at the injection well and at the monitoring well(s) will be conducted annually. 


Reports will specify test equipment used to calibrate the transmitters, including test equipment 


manufacturers, model numbers, serial numbers, calibration dates, and expiration dates. 


Corrosion Monitoring Strategy 


Corrosion coupon analyses will be conducted quarterly to aid in ensuring the mechanical integrity 


of the equipment in contact with the carbon dioxide. Coupons will be sent quarterly to a third-party 


laboratory for analysis conducted in accordance with NACE Standard RP0775-2005 Item No. 


21017 (or similar such as ASTM G1 – 03 (2017)) to determine and document corrosion wear rates 


based on mass loss. 
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Shallow USDW Groundwater Monitoring Strategy 


Select existing El Dorado Chemical Company WSWs will be chosen for shallow groundwater 


monitoring of the Sparta Formation USDW. Groundwater sampling will be conducted at a larger 


subset of the El Dorado Chemical Company WSWs within the AoR during baseline on a quarterly 


basis to establish a broader spatial distribution of pre-injection conditions and variability within 


the USDW. During the first two years of injection in a new zone, groundwater sampling will be 


conducted on a quarterly basis at a smaller subset of WSWs within the projected extent of the 100-


year carbon dioxide plume, with the frequency decreasing to annually following the second year 


of injection.  Annual groundwater sampling will continue during the post-injection site care phase 


of the project. 


Deep Groundwater Monitoring Strategy 


Quarterly fluid sampling in the Tokio Formation that immediately overlies the Confining Zone 


will be used in combination with pressure monitoring and temperature monitoring to determine if 


leakage is occurring at or near the injection well. The Tokio Formation interval has sufficient 


permeability, such that pressure monitoring at the monitoring wells would detect a failure of the 


Confining Zone should it occur. MIT testing and DTS/DAS monitoring at the injection well(s), if 


installed, will also provide data to ensure the mechanical integrity of the well(s) is maintained. 


With the planned sampling prior to authorization of injection with quarterly monitoring 


frequencies, it is expected that baseline conditions can be documented, natural variability in the 


baseline conditions can be characterized, unintended brine or CO2 leakage could be detected if it 


occurred, and sufficient data can be collected to demonstrate that the effects of CO2 injection are 


limited to the intended storage reservoir. 


B.1.b. Type and Number of Samples/Test Runs  


To be updated when UIC Program Director has approved draft permit. 


B.1.c. Sampling Site Contingency 


To be updated when UIC Program Director has approved draft permit. 


B.1.d. Activity Schedule  


Quarterly for first 2 years and then annually thereafter, to be updated when UIC Program 


Director has approved draft permit. 
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B.1.e. Critical/Informational Data 


During both groundwater sampling and analytical efforts, detailed field and laboratory 


documentation will be taken. Documentation will be recorded in field and laboratory forms and 


notebooks. Critical information will include date and time of activity, persons performing activity, 


location of activity (well locations) or instrument (lab analysis), field or laboratory instrument 


calibration data, and field parameter values. For laboratory analyses, much of the critical data are 


generated during the analysis and provided to end users in digital and printed formats. Noncritical 


data may include appearance and odor of the sample, problems with well or sampling equipment, 


and weather conditions. 


B.1.f. Sources of Variability 


Potential sources of variability related to monitoring activities include (1) natural variation in fluid 


quality, formation pressure and temperature, and seismic activity; (2) variation in fluid quality, 


formation pressure and temperature, and seismic activity due to project operations; (3) changes in 


recharge due to rainfall, drought, and snowfall; (4) changes in instrument calibration during 


sampling or analytical activity; 5) different staff collecting or analyzing samples; (6) differences 


in environmental conditions during well sampling activities; (7) changes in analytical data quality 


during life of project; and (8) data entry errors related to maintaining project database. 


Activities to eliminate, reduce, or reconcile variability related to monitoring activities include (1) 


collecting long-term baseline data to observe and document natural variation in monitoring 


parameters, (2) evaluating data in a timely manner after collection to observe anomalies in data 


that can be addressed, resampled or reanalyzed, (3) conducting statistical analysis of monitoring 


data to determine whether variability in a dataset is the result of project activities or natural 


variation, (4) maintaining weather-related data using on-site weather monitoring data or data 


collected near project site (such as from local airports), (5) checking instrument calibration before, 


during and after sampling or sample analysis, (6) thoroughly training staff, (7) conducting 


laboratory quality assurance checks using third-party reference materials, and/or blind and/or 


replicate sample checks, and (8) developing a systematic review process of data that can include 


sample-specific data quality checks (i.e., cation/anion balance for aqueous samples). 
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B.2. Sampling Methods 


Discussion in this section apples to physical samples and does not apply to logging, seismic 


monitoring, and pressure/temperature monitoring. 


B.2.a/b. Sampling Standard Operating Procedures (SOPs) 


Groundwater samples will be collected primarily using a low-flow sampling method or similar, 


that is consistent with EPA Method SESDPROC-301-R4 (EPA, 2017). If a flow-through cell is 


not used, field parameters will be measured in grab samples. Groundwater wells will be purged to 


ensure samples are representative of formation water quality. Static water levels in each well will 


be determined using an electronic water level indicator before any purging or sampling activities 


begin. Dedicated pumps (e.g., bladder pumps) may be installed in each monitoring well to facilitate 


collection of representative samples. Groundwater pH, temperature, specific conductance, 


dissolved oxygen, and oxidation-reduction potential (ORP) will be monitored in the field using 


portable probes and a flow-through cell consistent with standard methods (e.g., APHA) given 


sufficient flow rates and volumes. Groundwater turbidity will be measured in the field utilizing a 


portable turbidity meter. Field chemistry probes will be calibrated at the beginning of each 


sampling day according to equipment manufacturer procedures using standard reference solutions. 


When a flow-through cell is used, field parameters will be continuously monitored and will be 


considered stable when three successive measurements made three minutes apart meet the criteria 


listed in Table 16. 


After field parameters have stabilized, samples will be collected. Samples requiring filtration (e.g., 


metals) will be filtered through 0.45-μm flow-through filter cartridges as appropriate and 


consistent with ASTM D6564-00. Prior to sample collection, filters will be purged with a 


minimum of 100 mL of well water (or more if required by the filter manufacturer). Samples will 


be properly preserved per analyte requirements. 
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Table 16. Stabilization Criteria of Water Quality Parameters During Shallow Well Purging 


Field Parameter Stabilization Criteria 


pH ±0.2 units 


Temperature ±10% of reading 


Specific conductance ±3% of reading 


Oxidation-Reduction Potential ±10 mV of reading 


Dissolved oxygen ±10% of reading or 0.3 mg/L whichever is greater 


Turbidity ±10% of reading or below 10 NTU 


 


B.2.c. In-situ Monitoring  


In-situ monitoring of groundwater chemistry parameters is not currently planned. 


B.2.d. Continuous Monitoring  


Continuous monitoring of groundwater chemistry parameters is not currently planned. 


B.2.e. Sample Homogenization, Composition, Filtration  


Sampling procedures is described in Section B.2.a/b. 


B.2.f. Sample Containers and Volumes 


A summary of sample containers is presented in Tables 17 and 18. 


B.2.g. Sample Preservation  


For groundwater and other aqueous samples, the preservation methods provided in Tables 17 and 


18 will be used.   


B.2.h. Cleaning/Decontamination of Sampling Equipment 


A solution of Liquinox® and deionized water will be used to decontaminate drilling rods, hand 


augers, hand tools, and other non-dedicated sampling equipment utilized for groundwater and soil 


sampling. 


B.2.i. Support Facilities 


Required support facilities will be determined in consultation with the selected sampling vendor.  
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B.2.j. Corrective Action, Personnel, and Documentation 


Field staff will be responsible for properly testing equipment and performing corrective actions on 


broken or malfunctioning field equipment. If corrective action cannot be taken in the field, then 


equipment will be returned to the manufacturer for repair or replaced. Significant corrective 


actions affecting analytical results will be documented in field notes. 


B.3. Sample Handling and Custody 


Discussion in this section applies to physical samples, section does not apply to logging, seismic 


monitoring, and pressure/temperature monitoring. 


Sample holding times given in Tables 17 and 18 are consistent with those described by USEPA 


(1974; 2020), American Public Health Association (APHA, 2005), Wood (1976), and ASTM 


Method D6517-00. After groundwater sampling, the samples will be placed in ice chests in the 


field and maintained thereafter at a preservation temperature of approximately 4°C until analysis. 


The samples will be transported to the designated laboratory within 24 hours. Analysis of the 


samples will be completed within the holding times listed in Tables 17 and 18. As appropriate and 


if required, alternative options to the sample containers and preservation techniques, approved by 


the UIC Program Director, will be implemented to meet analytical requirements. 


B.3.a. Maximum Hold Time/Time Before Retrieval  


See Tables 17 and 18. 


B.3.b. Sample Transportation 


Sampling transportation is described in the introduction of Section B.3. 


B.3.c. Sampling Documentation  


An analysis authorization form will be provided with each CO2 gas stream sample for testing in 


the laboratory using the laboratory’s standard form. Field notes will be collected for all 


groundwater samples, then retained and archived for reference. The sample documentation is the 


responsibility of the groundwater sampling personnel (third party vendor). 
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B.3.d. Sample Identification 


All sample containers will have waterproof labels with information (as relevant) denoting project, 


sampling date, sampling location, sample identification number, sample type (e.g., freshwater or 


brine), analyte, volume, filtration used (if any), and preservative used (if any) using the analytical 


laboratory’s standard sample identification form. 


Table 17. Summary of Sample Containers, Preservation Treatments, and Holding Times 


for CO2 Gas Stream Analysis 


Sample 
Volume/Container 


Material 
Preservation Technique Sample Holding time (max) 


CO2 gas 


stream 
75 cc Mini Cylinder None 5 Days 


Table 18. Summary of Anticipated Sample Containers, Preservation Treatments, and 


Holding Times for Groundwater Samples 


Target Parameters 
Volume/Container 


Material 


Preservation 


Technique 
Sample Holding Time 


Cations: 


Al, Ba, Mn, As, Cd, Cr, Cu, 


Pb, Sb, Se, Sr, and Tl 250 mL/HDPE 
Filtered, nitric acid, 


cooled to 4°C 
180 days 


Cations:  


Ca, Fe, K, Mg, Na, and Si 


Anions: 


Br, Cl, F, and SO4 


250 mL/HDPE Cooled to 4°C 


28 days 


Anions: 


NO3 
48 hours 


Alkalinity (total and 


bicarbonate) 
14 days 


pH (lab) Immediately 


Total dissolved solids 500 mL/HDPE Cooled to 4°C 7 days 


Water density (lab) 500 mL/Amber Glass Cooled to 4°C 28 days 


Dissolved Inorganic Carbon 


(DIC) 
250 mL/Amber Glass Filtered, cooled to 4°C 28 days 


228Ra/226Ra   1 L/HDPE 
Nitric acid, cooled to 


4°C 
180 days 


87Sr/86Sr  30 mL/HDPE None > 365 days 
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Target Parameters 
Volume/Container 


Material 


Preservation 


Technique 
Sample Holding Time 


δ18O and δ2H of H2O 


250 mL/HDPE Filtered, cooled to 4°C 


> 365 days 


δ13C of DIC 28 days 


14C of DIC 28 days 


Dissolved CO2, N2, Ar, O2, 


He, C1 - C6+ by headspace 
0.6 L IsoFask® None 180 days 


 


B.3.e. Sample Chain-of-Custody  


For CO2 gas stream samples, a laboratory analysis authorization form will accompany each sample 


to the designated lab at which point a chain-of-custody follows the sample through the testing 


processes. 


For groundwater the chain-of-custody will be documented using a standardized form. Copies of 


the form will be provided to the person/lab receiving the samples as well as the person/lab 


transferring the samples. All the forms will be retained and archived to allow simplified tracking 


of sample status. The chain-of-custody form and the record-keeping task are the responsibilities of 


the groundwater sampling personnel. 


B.4. Analytical Methods 


Discussion in this section applies to physical samples and does not apply to logging, seismic 


monitoring, and pressure/temperature monitoring. 


B.4.a. Analytical SOPs 


Analytical SOPs for groundwater, are referenced in Tables 4 and 5. If needed, other laboratory-


specific SOPs will be determined after a contract with the selected laboratory has been established. 


Upon request Lapis Energy can provide all SOPs implemented for specific parameters using 


appropriate standard methods. Each laboratory technician conducting the analyses on the samples 


will be trained on the SOP developed for each standard method. Lapis Energy will include the 


technician’s training certification with the semi-annual report. 
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B.4.b. Equipment/Instrumentation Needed 


Equipment and instrumentation are specified for all analytical methods referenced in Tables 4 and 


5. 


B.4.c. Method Performance Criteria 


Method performance criteria will be designated once the third-party analytical laboratory is 


selected and contracted, based on their quality assurance and quality control specifications. 


B.4.d. Analytical Failure 


Each laboratory conducting the analyses listed in Table 4 and 5 will be responsible for 


appropriately addressing analytical failure according to the SOPs. 


B.4.e. Sample Disposal 


Each laboratory conducting the analyses listed in Table 4 and 5 will be responsible for appropriate 


sample disposal according to the SOPs. 


B.4.f. Laboratory Turnaround 


Laboratory turnaround may vary by laboratory, but generally turnaround of verified analytical 


results within one month will be suitable for project needs. 


B.4.g. Method Validation for Nonstandard Methods 


Nonstandard methods are not anticipated for this project. If nonstandard methods are needed or 


proposed in the future, the USEPA will be consulted on additional appropriate actions to be taken. 


B.5. Quality Control 


Discussion in this section applies to physical samples. Seismic monitoring and 


pressure/temperature monitoring do not apply to this section. For logging quality control, refer to 


the Schlumberger Wireline Log Quality Control Reference Manual (LQCRM), for example (or the 


manual used by the selected logging vendor).  The Wireline Log Quality Control Reference 


Manual (LQCRM) is used by Schlumberger (Attachment 1). It concisely provides information for 


the acquisition of high-quality data at the wellsite and its delivery within defined standards. The 


LQCRM also facilitates the validation of Schlumberger wireline logs at the wellsite or in the office. 
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B.5.a. QC activities 


Blanks 


For shallow USDW sampling, field blanks will be collected and analyzed for the inorganic analytes 


listed in Table 4 at a frequency of one blank per 10 normal samples. Blanks will also be collected 


for deep groundwater baseline sampling and analyzed for the inorganic analytes listed in Table 4 


at a frequency of 10% or greater. Field blanks will be exposed to the same field and transport 


conditions as the groundwater samples. Blanks will be used to detect contamination resulting from 


the collection and transportation processes. 


Duplicates 


For each shallow groundwater sampling round, duplicate samples will be collected from a 


designated well on a rotating schedule (approximately one duplicate per 10 normal samples). 


Duplicate samples will be collected from the same source immediately after the original sample in 


different containers and processed as all the other samples. Duplicate samples will be used to assess 


sample heterogeneity and analytical precision. 


B.5.b. Exceeding Control Limits 


If the groundwater sample analytical results exceed control limits (i.e., ion balances > ±10%), 


further examination of the analytical results will be done by evaluating the ratio of the measured 


total dissolved solids (TDS) to the calculated TDS (i.e., mass balance) per APHA method. The 


method indicates which ion analysis should be considered suspect based on the mass balance ratio. 


Suspect ion analyses will be then reviewed in the context of historical data and interlaboratory 


results, when available. Suspect ion analyses will be brought to the attention of the analytical 


laboratory for confirmation and/or reanalysis. The ion balance will be recalculated, and if the error 


is still not resolved, suspect data will be identified and potentially given less importance in data 


interpretations. 


B.5.c. Calculating Applicable QC Statistics 


Charge Balance 


The analytical results will be evaluated to determine the correctness of the analyses based on anion-


cation charge balance calculations. Because all potable waters are electrically neutral, the chemical 
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analyses should yield equally negative and positive ionic activity. The anion-cation charge balance 


will be calculated using the following formula: 


% 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 = 100
∑ 𝑐𝑎𝑡𝑖𝑜𝑛𝑠−∑ 𝑎𝑛𝑖𝑜𝑛𝑠


∑ 𝑐𝑎𝑡𝑖𝑜𝑛𝑠+∑ 𝑎𝑛𝑖𝑜𝑛𝑠
     (Equation 1) 


where the sums of the ions are represented in milliequivalents (meq) per liter and the criteria for 


acceptable charge balance is ±10%. 


Mass Balance 


The ratio of the measured TDS to the calculated TDS will be calculated in instances where the 


charge balance acceptance criteria are exceeded using the following formula: 


1.0 <
𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑇𝐷𝑆


𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑇𝐷𝑆
< 1.2.       (Equation 2) 


Outliers 


The determination of one or more statistical outliers is essential prior to the statistical evaluation 


of groundwater samples. This project will use the USEPA’s Unified Guidance (March 2009) as a 


basis for selection of recommended statistical methods to identify outliers in groundwater 


chemistry datasets as appropriate. These techniques include Probability Plots, Box Plots, Dixon’s 


test, and Rosner’s test. The EPA-1989 outlier test may also be used as another screening tool to 


identify potential outliers. 


B.6. Instrument/Equipment Testing, Inspection, and Maintenance 


Discussion in this section applies to physical samples and does not apply to logging, seismic 


monitoring, and pressure/temperature monitoring.  Logging tool equipment will be maintained as 


per industry best practices (for logging quality control, refer to the Schlumberger LQCRM, for 


example (or the manual used by the selected logging vendor). 


For groundwater sampling, field equipment will be maintained, factory-serviced, and factory-


calibrated per manufacturer’s recommendations. Spare parts that may be needed during sampling 


will be included in supplies available on-hand during field sampling. 


For all laboratory equipment, testing, inspection, and maintenance will be the responsibility of the 


analytical laboratory per standard practices, method-specific protocols, or NELAP requirements. 
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B.7. Instrument/Equipment Calibration and Frequency 


Discussion in this section applies to physical samples and does not apply to logging, seismic 


monitoring, and pressure/temperature monitoring. 


B.7.a. Calibration and Frequency of Calibration 


Pressure/temperature gauge calibration information is located in Table 10 to Table 15. Logging 


tool calibration will be at the discretion of the service company providing the equipment, following 


standard industry practices provided in the Schlumberger LQCRM, for example (or the manual 


used by the selected logging vendor). Calibration frequency will also be determined by standard 


industry practices. 


For groundwater sampling, portable field meters or multiprobe sondes used to determine field 


parameters (e.g., pH, temperature, specific conductance, oxidation-reduction potential (ORP), 


turbidity, and dissolved oxygen) are calibrated according to manufacturer recommendations and 


equipment manuals each day before sample collection begins. Recalibration is performed if any 


components yield atypical values or fail to stabilize during sampling. 


B.7.b. Calibration Methodology 


Logging tool calibration methodology will follow standard industry practices as noted in the 


Schlumberger LQCRM, for example (or the manual used by the selected logging vendor). 


For groundwater sampling, standards used for calibration are typically 7 and 10 for pH, a 


potassium chloride solution yielding a value of 1,413 microsiemens per centimeter (μS/cm) at 


25°C for specific conductance, and a 100% dissolved oxygen solution for dissolved oxygen. 


Calibration is performed for pH meters per manufacture’s specifications using a 2-point calibration 


bounding the range of the sample.  


B.7.c. Calibration Resolution and Documentation 


Logging tool calibration resolution and documentation will follow standard industry practices as 


noted in the Schlumberger LQCRM, for example (or the manual used by the selected logging 


vendor). 
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For groundwater sampling, calibration values are recorded in daily sampling records and any 


discrepancies in calibration are noted. For parameters where calibration is not acceptable, 


redundant equipment may be used to ensure that loss of data is minimized. 


B.8. Inspection/Acceptance for Supplies and Consumables 


B.8.a/b. Supplies, Consumables, and Responsibilities 


Supplies and consumables for field and laboratory operations will be procured, inspected, and 


accepted as required from vendors approved by Lapis Energy or the respective subcontractor 


responsible for the data collection activity. Acquisition of supplies and consumables related to 


groundwater analyses will be the responsibility of the laboratory per established standard 


methodology or operating procedures. 


B.9. Nondirect Measurements 


B.9.a. Data Sources 


A baseline, zero-offset, Vertical Seismic Profile (“VSP”) will be acquired in cased hole in the 


Monitor Well(s) and possibly the Injection Well. The wells in which a VSP will be acquired and 


the VSP geometry will be determined based on surface access limitations and optimal plume 


imaging. The VSP will serve as the baseline for future zero-offset and “walk-away” VSPs that are 


planned to be acquired within the AoR. Alternatively, a sparse array seismic survey could be 


acquired. At a minimum, during the acquisition of walk-away vertical seismic profiling and/or 


sparse array walk-away surveys, the array of acoustic source sites will be oriented along the 


maximum and minimum orientations of the modeled plume and will be adjusted following a 


review of the results of each survey. 


B.9.b. Relevance to Project 


VSPs, especially “walk-away” VSPs, can be used to track changes in the CO2 plume propagation 


in the subsurface. Processing and comparing subsequent VSPs to the baseline VSP run in an In 


Zone monitor well, will allow project managers to monitor plume growth, as well as to ensure that 


the plume does not move outside of the intended Storage Complex. Numerical modeling will be 


used to predict the CO2 plume growth and migration over time by combining the processed seismic 


data with the existing geologic model. In Zone pressure monitoring data will also be used in 
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numerical modeling to predict the plume and pressure front behavior and confirm the plume stage 


within the AoR. 


B.9.c. Acceptance Criteria 


Following standard industry practices will ensure that the seismic data gathered during the 


acquisition of the VSPs is used for accurate modeling and monitoring. Similar ground conditions, 


“walk-away” VSP vertical sections, and similar receiver and source setups will be used from VSP 


to VSP to ensure consistency of measurements. Preference will be given to the same contractor for 


repeat surveys, to further increase consistency. 


When processing the seismic data gathered during the acquisition of each VSP, several quality 


assurance checks will be performed in accordance with industry standards, including amplitude 


compensation, predictive deconvolution, elevation statics correction, root mean square (RMS) 


amplitude gain, normal move out (NMO) application using picked velocities, random noise 


attenuation, and instantaneous gain. 


B.9.d. Resources/Facilities Needed 


Lapis Energy will subcontract all necessary resources and facilities for VSP acquisition, In Zone 


pressure monitoring, and groundwater sampling. 


B.9.e. Validity Limits and Operating Conditions 


For VSP acquisition, processing, and numerical modeling, intraorganizational checks between 


trained and experienced personnel will ensure that all VSPs and numerical modeling are conducted 


conforming to standard industry practices. 


B.10. Data Management 


B.10.a. Data Management Scheme 


Lapis Energy or a designated contractor will maintain the required project data as provided in the 


permit. Data will be backed up on tape or held on secure servers. 


B.10.b. Recordkeeping and Tracking Practices 


All records of gathered data will be securely held and properly labeled for auditing purposes. 
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B.10.c. Data Handling Equipment/Procedures 


All equipment used to store data will be properly maintained and operated according to proper 


industry techniques. Lapis Energy IT system and vendor data acquisition systems will interface 


with one another, and all subsequent data will be held on a secure server. 


B.10.d. Responsibility 


The primary project managers will be responsible for ensuring proper data management is 


maintained. 


B.10.e. Data Archival and Retrieval 


All data will be held by Lapis Energy, maintained, and stored for auditing purposes as described 


in Section B.10.a. 


B.10.f. Hardware and Software Configurations 


All Lapis Energy and vendor hardware and software configurations will be appropriately 


interfaced. 


B.10.g. Checklists and Forms 


Checklists and forms will be procured and generated as necessary. 
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C. ASSESSMENT AND OVERSIGHT 


C.1. Assessments and Response Actions 


C.1.a. Activities to be Conducted 


Refer to Table 1 in Section A.3.a/b for the summary of activities to be performed.  


Groundwater quality data will be collected at the frequency outlined in the table. After completion 


of the sample analyses, the results will be reviewed for QC criteria as noted in Section B.5. If the 


data quality fails to meet the criteria set in Section B.5, the samples will be reanalyzed, if within 


holding time criteria. If outside of holding time criteria, additional samples may be collected, or 


sample results may be excluded from data evaluations and interpretations. Evaluation for data 


consistency will be performed according to procedures described in the USEPA 2009 Unified 


Guidance (USEPA, 2009). 


C.1.b. Responsibility for Conducting Assessments 


Organizations gathering data will be responsible for conducting their internal assessments. All 


“stop work” orders will be handled internally within individual organizations. 


C.1.c. Assessment Reporting 


All assessment information should be reported to the project managers of the individual 


organizations outlined in Section A.1.a/b. 


C.1.d. Corrective Action 


All corrective action affecting only an individual organization’s data collection responsibility 


should be addressed, verified, and documented by the individual project managers and 


communicated to the other project managers as necessary. Corrective actions affecting multiple 


organizations should be addressed by all members of the project leadership and communicated to 


other members on the distribution list stated for the QASP. Assessments may require integration 


of information from multiple monitoring sources across several organizations (operational, In 


Zone monitoring, and above-zone monitoring) to determine whether correction actions are 


required and/or the most cost-efficient and effective action to implement. Lapis Energy will 


coordinate multiorganization assessments and corrective actions as warranted. 
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C.2. Reports to Management 


C.2.a/b. QA status Reports 


Quality assurance status reports should not be needed. However, if any testing or monitoring 


techniques are changed, the QASP will be reviewed and updated as appropriate in consultation 


with USEPA. Revised QASPs will be distributed by Lapis Energy to the full distribution list 


provided at the beginning of this document. 
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D. DATA VALIDATION AND USABILITY 


D.1. Data Review, Verification, and Validation 


D.1.a. Criteria for Accepting, Rejecting, or Qualifying Data 


Groundwater quality data validation will include the review of the concentration units and sample 


holding times, and the review of duplicates, blanks, and other appropriate QA/QC results. All 


groundwater quality results will be entered into a database or spreadsheet with periodic data review 


and analysis. Lapis Energy will retain copies of the laboratory analytical test results and/or reports. 


Analytical results will be reported on the frequency based on the approved UIC permit conditions. 


In the periodic reports, data will be presented in graphical and tabular formats as appropriate to 


characterize general groundwater quality and identify intrawell variability with time. After 


sufficient data have been collected, additional methods, such as those described in the USEPA 


2009 Unified Guidance (USEPA, 2009), will be used to evaluate intrawell variations for 


groundwater constituents, respectively, and if significant changes have occurred that could be the 


result of CO2 or brine seepage beyond the intended storage reservoir. 


D.2. Verification and Validation Methods 


D.2.a. Data Verification and Validation Processes 


See Sections B.5 and D.1.a. 


Appropriate statistical software will be used to determine data consistency. 


D.2.b. Data Verification and Validation Responsibility 


Lapis Energy or its designated subcontractor will verify and validate groundwater sampling data. 


D.2.c. Issue Resolution Process and Responsibility 


Lapis Energy or its designated coordinator will oversee the groundwater data handling, 


management, and assessment process. Staff involved in these processes will consult with the 


coordinator to determine actions required to resolve any possible issues. 


D.2.d. Checklist, Forms, and Calculations 


Checklists and forms will be developed to meet specific permit requirements. 
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D.3. Reconciliation with User Requirements 


D.3.a. Evaluation of Data Uncertainty 


Statistical software will be used to determine groundwater data consistency using methods 


consistent with USEPA 2009 Unified Guidance (USEPA, 2009). 


D.3.b. Data Limitations Reporting 


The organization-level project managers will be responsible for ensuring that data developed by 


their respective organizations is presented with the appropriate data-use limitations. 


Lapis Energy will use the current operating procedure for utilizing, sharing, and presenting results 


and/or data for the Lapis Energy project. The procedure has been developed to ensure quality and 


internal consistency and facilitate tracking and record keeping of data end users and associated 


publications. 
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1.0 FACILITY INFORMATION 


Facility/Project Name: El Dorado Chemical Company / Lapis Energy 


Project Blue Class VI Injection Well No. 1 


 


Facility/Project Contact: Stijn Konings, Chief Geoscientist 


Lapis Energy LP 


2950 N. Harwood St. 


Dallas, Texas 75201 


(972) 757-6529 / skonings@lapisenergy.com 


 


Well Locations: Union County 


El Dorado, Arkansas 


Project Blue Class VI Injection Well No. 1 


Latitude Coordinate: 33.26217733 


Longitude Coordinate: -92.69162567 


 


 


Lapis Energy will conduct injection well plugging and abandonment according to the procedures 


below. 


  



mailto:skonings@lapisenergy.com
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2.0 BOTTOMHOLE PRESSURE DETERMINATION 


A bottomhole reservoir pressure will be determined prior to commencing injection well plugging 


operations [40 CFR 146.92(b)(1). During the injection well operations, downhole pressure gauges 


will be installed to continuously monitor the injection pressure. After cessation of injection 


operations, the downhole gauges will be used to measure the bottomhole pressure of the injection 


zone at final static conditions (a period after injection operations have ceased) prior to proceeding 


with the plugging.  


If these gauges are damaged or malfunction at the time of well plugging, pressure and temperature 


gauges will be run down hole via wireline, after the well has been flushed with a brine kill fluid, 


to record the bottomhole pressure. 
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3.0 MECHANICAL INTEGRITY TESTS 


To verify well integrity Lapis Energy will conduct at least one of the tests listed in Table 1 prior 


to plugging the Injection Well as required by 40 CFR 146.92(a). Tubing and Packers will be 


retrieved at the end of injection operations as part of the plugging procedures. Casing will remain 


in the well and examined for integrity. 


Table 1: Planned MITs 


Test Description Location 


Cement Bond Log(s) 


(External MIT) 


Run CBL & Ultrasonic logs: Compare to initial run logs 


Discrepancies, if any, can be noted between the logs as an indication 


of cement quality improvement (due to carbon hydroxide hardening 


of the cement) or degradation (due to casing movement or other 


cement sheath disturbance). 


Radioactive Tracer Log-


Alternate Log 


(External MIT) 


Run radioactive tracer survey to register any fluid movements 


external to the long string casing;  


Temperature Log 


(External MIT) 


Run temperature log post-injection to register any fluid movements 


external to the long string casing;  


Pressure Test 


(Internal MIT) 


Place tubing plug in profile nipple below permanent packer; pressure 


test long string casing from tubing plug to surface, using packer fluid. 


Test pressure to be greater than annulus pressure maintained during 


injection activities. 


Casing Caliper Log  


(Internal MIT) 


Casing caliper log optional if long string casing successfully passes 


the pressure test (above). Caliper log will provide information about 


long string casing wall thickness loss due to corrosion or erosion, 


information useful for future projects.  


Prior to testing, the well will be flushed with brine to force the carbon dioxide away from the 


wellbore into the formation [per 40 CFR 146.92(a)]. Tools will be run on wireline. Quality 


assurance for the planned logs will be provided by the service vendor at time of selection. The 


quality control will be reviewed and will be documented in the Quality and Assurance Surveillance 


Plan (contained as an Appendix to the “E.1. – Testing and Monitoring Plan”). 
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3.1 EQUIPMENT DETAILS 


If wireline deployed pressure/temperature gauge are used to record bottomhole pressure, the 


wireline should be corrosion resistant (such as MP-35 line), and the deployed gauges should 


consist of a surface read-out gauge with a memory backup. Gauge specifications should be as 


follows or similar in Table 2:  


Table 2: Injection/Falloff Pressure Gauge Information – Wireline Testing Operations 


Pressure Gauge Property Value 


Surface Readout 


Pressure Gauge 


Range 


Resolution 


0 – 10,000 psi/356 oF 


+/-0.01 psi/0.01 oF 


Accuracy 
+/-0.03% of full scale 


(+/-3 psi/+/-0.1 oF) 


Manufacturer’s Recommended 


Calibration Frequency 
Minimum Annual 


Memory  


Pressure Gauge 


Range 


Resolution 


0 – 10,000 psi/356 oF 


+/-0.01 psi/0.01 oF 


Accuracy 
+/-0.03% of full scale 


(+/-3 psi/+/-0.1 oF) 


Manufacturer’s Recommended 


Calibration Frequency 
Minimum Annual 


Prior to running MIT testing, the wellbore may be displaced with water or brine, in either case, the 


well will be allowed to thermally stabilize prior to all testing operations. It is recommended that 


the well be shut-in for 36 hours to allow for temperature effects to dissipate. The external MIT 


logs will be run on the Injection Well.  All equipment used during the well plugging operation will 


be corrosion resistant. 


3.2 PASS/FAIL CRITERIA 


Well Plugging is considered pass when it meets the objective of well plugging which is minimizing 


the chance of leak to environment and unintended flow of fluid underground. Verification of 


meeting the objective will be conducted at the end of each plugging operation. The verification 


objective is to assess the sealing effectiveness and required position of a permanent isolation. 


Direct verification methods such as tagging the top of the plug, weight testing, dressing-off, inflow 







Revision Number: 0 


Plan Revision Date: January 2023 


Module E – Project Plan Submissions 


Injection Well Plugging Plan for Project Blue 


Class VI Permit Number: R06-AR-0001   Page 6 of 16 


testing, pressure testing or indirect verification methods such as volume/losses records, cementing 


pressure records, laboratory slurry testing (compressive strength development), surface cement 


sample setting, logging, and long-term monitoring (pressure and/or bubbles) may be performed. 


3.2.1 Temperature Survey  


A baseline differential temperature survey may be run in the well after allowing the well a period 


to reach approximate static conditions. The temperature log is one of the approved logs for 


detecting fluid movement outside pipe. A final differential temperature survey will be run during 


plugging operations and will provide a final temperature curve. The log will include both an 


absolute temperature curve and a differential temperature curve. The well should be shut-in at least 


36 hours to allow for temperature stabilization prior to running the temperature survey. 


If a distributed temperature sensing fiber is run in the injection/monitor wells, the fiber will be 


used for the temperature testing, otherwise, a wireline truck will be used. 


If wireline operations are used, the temperature will be logged down from the surface to total depth 


in the well. Recommended line speed for the logging operations is 30 to 40 feet per minute. A 


correlation log(s) will be presented in track 1, and the two temperature curves will be presented in 


tracks 2 and 3. The temperature log will be scaled at or about 20° F (or 10° C degrees) per track. 


The differential curve will be scaled in a manner appropriate to the logging equipment design but 


will be sensitive enough to readily indicate anomalies. In general, the procedure for wireline 


operations will be as follows: 


1. Attach a temperature probe and casing collar locator (CCL) to the wireline.  


2. After a minimum of 36 hours of well static conditions, begin the temperature survey. 


The tools will be lowered into well at 30 to 40 feet/minute, recording temperature in 


wellbore. The temperature survey will be run to the deepest attainable depth (top of 


solids fill) in the wellbore. The wireline may be flagged, if needed, to assist in depth 


correlation. 


3. Following completion of the survey, the wireline tools will be retrieved from the 


wellbore. 
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A successful temperature log will “PASS” if there are no observed, unexplained anomalies outside 


of the permitted injection zone.  


If temperature anomalies are observed outside of the permitted zone, additional logging may be 


conducted to determine whether a loss of mechanical integrity or containment has occurred. 


Depending on the nature of the suspected movement, radioactive tracer, noise, oxygen activation, 


or other logs approved by the UIC Program Director may be required to further define the nature 


of the fluid movement or to diagnose a potential leak. 


3.2.2 Radioactive Tracer Survey 


A Radioactive Tracer Survey (RTS) may be run as an alternative to the temperature survey. The 


tool consists of a gamma detector above the ejector port and one or two detectors below the ejector 


port. In order to run the RTS, the well will need to be flushed with brine and the test will be 


conducted using brine to convey the radioactive iodine tracer material. The tool should be able to 


continuously record during tracer fluid ejection. The upper detector will be recorded in track 1 at 


a scale of 0 to 100 or 150 API units, and the lower detector(s) will be recorded in tracks 2 and 3 at 


a higher (less sensitive) scale, typically 0 to 1,000 API units. 


Prior to testing, an initial gamma ray base log will be recorded from at least 100 feet above the 


injection tubing packer to total depth of the well. The initial gamma ray survey can be made under 


low flow conditions or with the well in static conditions. 


A concurrent casing collar locator log for depth correlation will be run on the wireline tool string. 


Two five (5) minute time drive statistical checks will be run prior to the ejection of tracer fluid. 


One of the statistical checks will be run in a confining unit immediately above the uppermost 


perforation in the well. The second check should be run within the Injection Zone(s) sandstone. 


The baseline log and statistical checks will be run to determine background radiation prior to tracer 


fluid ejection.  


Injection should be initiated or increased during testing operations. During the survey, injection 


flow rates will be set at the rate at which the fluid will be under laminar flow conditions, while 


remaining within the maximum permitted operating parameters anticipated for the well. The 


volume of the tracer fluid slug will be sufficient to cause a gamma curve deflection on the order 
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of 25x background reading as the ejected slug passes the lower detector(s). This would typically 


be a full-scale deflection. 


A constant injection (moving) survey will be run from above the packer to the perforations to 


check for leaks between those two points. This survey will consist of ejecting a slug above the 


packer, verifying the ejection, dropping down through the slug, and then logging up through the 


slug to above where the slug was first ejected. The tool will be successively dropped down through 


the slug again, and logging will continue upward to above where the slug was encountered on the 


previous pass. This process will be repeated a minimum of two times, until the slug flows out into 


the formation. If necessary, the injection rate may be adjusted to accomplish this test. 


A stationary survey will be run approximately 20 feet or less above the top of the perforated 


interval to check for upward fluid migration outside the cemented casing. Flow during the 


stationary surveys will be at sufficient rates to approximate normal operating conditions 


anticipated for the well. The procedure consists of setting the tool and logging on time drive, 


ejecting a slug, verifying the ejection, and waiting an appropriate amount of time that would allow 


the slug to exit the wellbore and return through channels outside pipe, if present. The time spent 


at the station will vary but should be at least twice the time estimated to detect the tracer fluid if 


channeling existed, or for 15 minutes, whichever is greater. If tracer fluid is detected channeling 


outside of the pipe at any time during the stationary survey, then the survey may be stopped, and 


the tracer fluid's movement will be documented by logging up on depth drive, until the tracer exits 


the channel. The stationary survey should be repeated at least one time. 


Additional stationary or moving surveys may be required, depending upon well construction, test 


results, or to investigate known problem conditions. At least two repeatable logs of every tracer 


survey, moving and stationary, should be run. On completion of the tracer surveys, a final 


background gamma log will be run for comparison with the initial background log. In general, the 


test procedure will be as follows: 


1. Attach radioactive tracer tools, including casing collar locator (CCL), gamma ray detectors 


and ejector modules to the wireline. Lower tools in wellbore to deepest attainable depth 


(top of solids fill). Record the depth of solids fill in the well, if any. Correlate tools on depth 


with the injection packer and any other cased-hole log(s) run in the well. 
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2. A baseline gamma log will be run from deepest attainable depth to approximately at least 


100 feet above the packer. Statistical tool checks will be conducted 10 feet above the set 


depth of the injection packer and approximately 15 feet above the top perforations. 


(Specific depths will be identified and updated after the Injection Well completion). 


3. With the tool set a minimum of 100 feet above the packer, start injecting brine fluid at 


approximately 50 gpm (or defined acceptable rate). Eject a slug of tracer material and 


verify ejection.  


4. Lower the tool through the slug and log up through the slug. Repeat slug-tracking sequence, 


following the slug down the tubing and into the injection zone until the slug is dissipated.  


Note: It is desired to achieve a minimum of three or more passes below the injection packer 


before the radioactive slug exits the perforations. Adjust or reduce injection rate if needed 


to achieve this objective. 


5. Repeat Steps 3 and 4. 


6. Position lower detector of RTS tool at approximately 15 feet above the top perforation. 


Initiate and maintain injection at approximately 250 gpm (or defined acceptable rate). 


7. Eject a slug of tracer material and record on time drive for a minimum of 15 minutes to 


determine if upward flow around the casing occurs. 


8. Repeat Step 7. 


9. Cease pumping, lower the tool to the deepest attainable depth, and run a repeat baseline 


gamma ray log to verify that the radiation level has returned to background. 


10. Dump remaining tracer material from the tool and pump remaining test fluid to flush the 


tracer material from the wellbore. 


11. Retrieve the wireline tools from the wellbore and rig down wireline unit. 


A successful pressure test will “PASS” if the radioactive iodine material stays within the Injection 


Zone and within the sequestration complex. 
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3.2.3 Cement Bond Log & Ultrasonic Log 


Cement Bond and Ultrasonic logging will be run to verify the mechanical integrity of the near-


well area behind the casing in the injection and monitoring wells prior to plugging. The surveys 


will be compared to the original baseline survey run in the well during completion operations. 


Should downhole well completion change at any time, a new baseline log will be run. The Cement 


Bond and Ultrasonic logging surveys will be run from the Injection Zone up to through the base 


of the identified lowermost underground source of drilling water (USDW), inside the surface 


casing, in the Injection Well. Note that logs may be repeated while applying surface pressure to 


evaluate micro-annulus effects.  


3.2.4 Casing Pressure Test 


After setting the initial plug across the well completion interval / perforation, a casing pressure test 


will be made. Casing pressures will be recorded on a time-drive recorder for at least 60 minutes in 


duration and the chart or digital printout of times and pressures will be certified as true and 


accurate. The pressure scale on the chart will be low enough to readily show a 5 percent change 


from the starting pressure. In general, the test procedure will be as follows: 


1. Connect a high-resolution pressure transducer to the well casing and increase wellbore 


pressure to at least 200 psig over the permitted maximum tubing/injection pressure. 


Conduct a casing pressure test by holding casing pressure a minimum of 100 psi above the 


well’s maximum permitted surface injection pressure for a minimum of 60 minutes. 


2. At the conclusion of the test, casing pressure will be lowered to a static pressure with no 


pressure at the top of the casing string.  


A successful pressure test will “PASS” if the pressure holds to +/-5 percent of the starting pressure. 


IF the test is not able to hold the pressure for a selected time, then the test will be considered a 


“FAIL”. The test will be repeated and if the well continues to “FAIL”, the construction of the well 


may have lost its integrity. Additional tests at progressively lower pressures may be run to identify 


the pressure at which the casing can hold a differential. A review of the continuous monitoring of 


the annulus system will be performed to identify if there are any data that may lead to a potential 


leak and assist in diagnosing potential issues with the annulus.  
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4.0 DETAILS ON PLUGS 


Lapis Energy will use the materials and methods noted in Table 3 to plug the Injection Well. The 


volume and depth of the plug or plugs will depend on the final geology and downhole conditions 


of the well as assessed during construction. The cement(s) formulated for plugging will be 


compatible with the carbon dioxide stream. The cement formulation and required certification 


documents will be submitted to the agency with the well plugging plan. The owner or operator 


will report the wet density and will retain duplicate samples of the cement used for each plug. The 


permanent isolation plugs positions should be such that the formation fracture pressure exceeds 


the maximum anticipated pressure under the isolation. This is normally easily met by placing the 


isolation plugs across a suitable caprock which is an impermeable rock without natural or induced 


fractures that is continuous over the field. The caprock immediately above the zone of injection is 


considered suitable caprock.  


Industry practice has shown that 100 - 200 feet across the hole of good cement is sufficient for 


permanent isolation. Excess volume should be pumped to cater for contamination and uncertainty 


in placement such as in high angle wells or high expectation of slurry contamination. Cement 


placement software will determine the exact volume.  


It is planned to plug the Project Blue Injection Well using at least four plugs. These are: 


1- Plug set from TD to cement retainer above perforations. 


2- 100 feet plug set above cement retainer. 


3- 200 feet plug set below/across the surface casing shoe.  


4- 1,000 feet surface plug.  


It is believed that with three plugs per well the objective of well plugging, which is minimizing 


the chance of leak to environment and unintended flow of fluid underground can be met. Adding 


extra plugs will be contingent upon the external well integrity status at the time of plugging the 


well. If well integrity was found to be poorer than expected, then a risk assessment would be 


conducted to identify if extra plugs would be required. The tables below show preliminary 


calculations of the plugs for Injection Zone – Cotton Valley formation.  
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Table 3: Proposed Plugging Details – Project Blue Injection Well No. 1 


Plug Information 
Plug #1 Plug #2 Plug #3 Plug #4 


(850 ft)  (100 ft)  (200 ft) (1,000 ft) 


Diameter of boring in which plug will be placed ID 


(inches) 
6.276” 6.276” 6.276” 6.276” 


Depth to bottom of tubing or drill pipe (ft) 5,380 5,380 3,130 2 


Sacks of cement to be used (each plug) 149 17 35 182 


Slurry volume to be pumped (ft3) 183 21 43 215 


Slurry weight (lb./gal) 14.8 14.8 14.8 15.6 


Calculated top of plug (ft) 5,500 5,400 3,150 3 


Bottom of plug (ft) 6,350 5,500 3,350 1,000 


Type of cement or other material EverCRETE EverCRETE EverCRETE G or A 


Method of emplacement (e.g., balance method, 


retainer method, or two-plug method) 


Retainer 


Method 


Retainer 


Method 


Retainer 


Method 


Retainer 


Method 


Note: Calculated cement volume is equivalent to an 850 ft injection interval plug with 100 ft plug on top of cement 


retainer, 200 ft surface casing plug, and 1,000 ft surface plug in 7’’ OD/6.276” ID casing.  


Volume calculations will be based upon the final dimensions of the long string/production casing. 


Also, pending the condition of the well at the time of plugging, the number of isolation plugs might 


be increased. Plugs will be tagged at the cement plug top to verify location and integrity. The well 


will be plugged with fluid/mud of at least 9.5 ppg. 


Prior to plugging the Injection Well, Lapis Energy will consider the operational and monitoring history 


of the sequestration project and identify whether any information or events warrant amendment of the 


original plugging plan. Lapis Energy will use the materials and methods noted in Table 3 for plugging. 


The volume and depth of the plugs will depend on the final geology and “as built” well completion, as 


well as the final conditions of the well as assessed during mechanical integrity testing prior to closure. 


The cement(s) formulated for plugging will be compatible (i.e., carbon dioxide-resistant cement) with 


the stored carbon dioxide and water mixtures where exposure may occur.  


Because of its intrinsic low permeability, a carbon dioxide-resistant cement will be used due to the 


injection of supercritical carbon dioxide and water saturated with carbon dioxide conditions. 


Accelerated reaction kinetics can lead to a stabilized matrix within days of exposure to the carbon 


dioxide environment, leading to stabilized mechanical properties. This makes the acid resistant cement 


applicable for plugging across Injection Zone(s) and at the top of the sequestration complex with a 


plug across the Lower Cretaceous Sequence Boundary Confining Zone. 
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Any final modifications to the cement formulation and required certification documents will be 


submitted to the agency with the proposed well plugging plan prior to field operations. Lapis Energy 


will include the wet density in the final “Report of Plugging and Abandonment” for the well and will 


retain duplicate samples of the cement used for each plug. Cement volumes will be calculated and 


verified using industry accepted equations for cement volumes, using openhole diameter, casing size, 


annular areas, and total length of cement plugs. Top of each plug will be verified by load testing.  
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5.0 PLUGGING PLAN DETAILS 


The following plugging and abandonment plans have been developed for the Lapis Energy- Project 


Blue site in accordance with 40 CFR 146.92(c). The proposed plugging and abandonment plan for 


the proposed Injection Well is shown below, subject to modification by the UIC Program director. 


The plugging procedure will be implemented if well operations are abandoned or if a well has 


reached the end of its useful life. 


5.1 NOTIFICATIONS, PERMITS, AND INSPECTIONS 


In compliance with 40 CFR 146.92(c), Lapis Energy will notify the regulatory agency at least 60 


days before plugging the well and provide an updated Injection Well plugging plan, if applicable. 


Notice of intent to plug and abandon the subject disposal well will be given at least 60 working 


days prior to closure of that well to the regulatory authorities. Inspections will be made available 


to the regulatory authority at their request.  A closure report certifying that the well was closed in 


accordance with applicable requirements will be submitted to the proper agencies within 60 days 


of plugging each well. The report will include records for any newly constructed or discovered 


wells within the Area of Review.  


When plugging and abandonment is complete, Lapis Energy will submit certification to the 


authorized regulatory body (by the plant and by a licensed, professional engineer with current 


registration, who is knowledgeable and experienced in practical drilling engineering and who is 


familiar with the special conditions and requirements of injection well construction) that the 


Injection Well has been closed in accordance with the regulations. Plugging reports will be 


submitted within 60 days of well plugging and Lapis Energy will retain a copy of the plugging 


report for a minimum of 10 years following site closure [40 CFR 146.92(d)]. 


5.2 PLUGGING PROCUDRES 


The plugging and abandonment procedures and materials have been designed to contain the 


sequestered carbon dioxide and prevent movement out of the sequestration complex or into 


USDW’s. The materials to be used will be resistive to the corrosive nature of carbon dioxide and 


water. The proposed well plugging schematic is contained in Figure 1 and is based upon the 
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proposed drilling and completion schematic. Final plan adjustment will be made for “as built” well 


conditions and penetrated formation tops. 


Prior to conducting the following plugging and abandonment procedure, Lapis Energy will inject 


enough brine buffer fluid to displace the carbon dioxide from the immediate wellbore area into the 


storage reservoir. This volume of fluid will be determined by the plant prior to initiating closure 


activities using data on the volume of carbon dioxide injected during the lifetime of the well and 


the results of previous well formation pressure testing. Specific plugging plans will be updated for 


the Injection Well after the drilling and completion with as built well specifics and penetrated 


formation tops. This will be submitted prior to receiving authorization to inject. 


The outline of plugging procedures is as follows: 


1. In compliance with 40 CFR 146.92(c), notify the EPA UIC Program Director at least 60 


days before plugging the well and provide an updated plugging plan.  


2. Bottom hole reservoir pressure will be obtained prior to well plugging.  


3. Well will be flushed by brine to displace CO2 into the reservoir. Normally the well is flushed 


by pumping 2 times the well volume of brine at pressure lower than 80% of frac pressure  


4. Temperature log will be run and compared with the baseline temperature log in addition to 


temperature logs during injection and post-injection to determine external mechanical 


integrity. In addition, either a noise log or oxygen activation log could also be run and 


evaluated for external mechanical integrity.  


Note: If the external well integrity was found to be poorer than expected then a proper 


risk assessment will be conducted to assess if 4 plugs are sufficient to meet well 


plugging objectives or not. 


5. Pull out/remove tubing and packer from the well.  


6. Run and set a cement retainer at approximately 5,500 ft. 


7. Rig up cementing equipment and pump a fluid spacer, followed by CO2 resistant cement 


mixed at a minimum density of 14.8 pounds per gallon (ppg). 


8. Circulate the cement to the bottom of the cementing stringer and into the retainer. Pump the 


cement into the wellbore to cement off the injection zone. If cement squeezes off 
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prematurely, pull stringer out of retainer and displace remainder of cement on top of cement 


retainer.  


9. Pull the end of the work string 250 feet above the calculated top of cement and reverse-


circulate wellbore until fluid returns are clean. 


10. Lower stringer to the top of cement retainer. Pump a fluid spacer, followed by CO2 resistant 


cement mixed at a minimum density of 16.0 ppg. Displace the cement and pull the end of 


the work string 250 feet above the calculated top of cement and reverse-circulate wellbore 


until fluid returns are clean. 


11. After waiting for enough time for the cement to harden, locate the top of the cement plug 


and pressure test the cement plug to 1,500 psi to verify its competency. 


12. Displace the wellbore with fluid of a minimum density of 9.3 ppg. 


13. Repeat the above for the 3rd cement plug, Bridge plug at approximately 3,350 ft. 


14. Repeat the above for the 4th cement plug, Bridge plug at approximately 1,000 ft. 


15. Remove wellhead, cut the casing three feet below the ground surface, and weld steel plate 


on top. 


16. Erect a permanent marker on the well with the permit number, date of plugging and 


company name identified on the marker. 


17. In accordance with the requirements of 40 CFR 146.92(d), within 60 days of plugging and 


closure, a plugging report will be submitted to the UIC director. This report will be certified 


as accurate by the owner or operator, and by the person who has performed the plugging 


operations. The owner / operator will retain the well plugging report for 10 years following 


the site closure. 


A proposed plugged schematic for Project Blue Injection Well No. 1 is presented in Figure 1. 


5.3 CONTINGENCY PLANS 


Should any of the cement plugs not verify a sample of the retained slurry will be sent to the 


cementing company’s laboratory for root-cause analysis to identify failure mechanism of the 


slurry. Cement pumping and mixing equipment will be inspected for equipment malfunction or 


cement contamination sources. Corrective actions will be applied prior to resetting the failed 


cement plug. The failed cement plug will be either drilled out or toped up with a new plug and the 


well will be recirculated down to the previous plug depth.  







FIGURES 







9.3 ppg mud


9.3 ppg mud


GROUND LEVEL


COMPLETION DETAILS


1. Conductor Casing: 26-inch or 30-inch, surface to +/-100 feet to
surface, driven to refusal.


2. Water String: 16-inch, 75-pounds per foot, J-55, ST&C or BTC, set
from surface to 900 feet in a 20-inch hole. Cemented to surface.


3. Surface Casing: 10-3/4-inch, 45.5-pounds per foot, J-55, ST&C or
BTC, Set from surface to +/-3,250 feet in a 14-3/4-inch hole. Two
stage cement job with DV tool at +/-1,500 feet.


4. Protection Casing: 7-inch 26 or 29 pounds per foot, L-80, LT&C
from surface to ~2,970 feet, 7-inch stage tool from ~2,970 feet to
~2,975 feet, 7-inch external casing packer from ~2,975 feet to ~2,995
feet, crossover from ~2,995 feet to ~3,003 feet, 7-inch, 26 or 29
pounds per foot, Alloy 2550 or G-3 with premium gas tight
connection from ~3,003 feet to 6,350 feet. Set from ~1,000 feet to
6,350 feet in a 9-7/8-inch hole. Two Stage cement job with first stage
cement of 888 sx of CO2 resistant cement slurry mixed at 14.8 ppg
from 2,975 feet to 6,350 feet. Second stage cement from surface to
2,975 feet with 409 sx Lead Slurry of “Lightweight” Cement mixed at
12.5 pounds per gallon and 81 sx tail cement slurry mixed to 15.6
pounds per gallon. Final cement volumes will be based on the open
hole caliper and wellbore conditions.


5. Stage Tool: ~2,970 feet and External Casing Packer set from ~2,975
feet to ~2,995 feet.


6. Production Perforations: Cotton Valley perforations, 540 feet w/4
shots per foot, 90-degree phasing:


• 5,600 to 6,020 feet
• 6,030 to 6,050 feet
• 6,060 to 6,075 feet
• 6,080 to 6,090 feet
• 6,120 to 6,130 feet
• 6,185 to 6,215 feet
• 6,250 to 6,285 feet


7. Planned Total Depth: +/-6,350 feet


8. Cement Plug: 5,400 to 6,350 feet; 245 ft3 CO2 resistant Evercrete at
14.8 lb/gal (w/ 20% excess) with cement retainer at 5,500 feet.


9. Cement Plug: 3,150 ft to 3,350 ft; 43 ft3 CO2 resistant Evercrete at
14.8 lb/gal with bridge plug set at 3,350 ft.


10. Cement Plug: Surface to 1,000 ft; 215 ft3 standard cement at 15.6
lb/gal with bridge plug set at 1,000 ft.


11. P&A Cap: Casing cut 3 ft below surface; Steel plate welded on 7”
and 10-3/4” casings; Permanent marker installed.


Note: This schematic assumes only a Cotton Valley completion. A CO2
resistant cement plug will be placed across and above each injection
interval when the interval is abandoned.
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Figure 1:  Class VI Injection Well – P&A Schematic
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1.0 FACILITY INFORMATION 


Facility/Project Name: El Dorado Chemical Company / Lapis Energy 


Project Blue Class VI Injection Well No. 1 


 


Facility/Project Contact: Stijn Konings, Chief Geoscientist 


Lapis Energy LP 


2950 N. Harwood St. 


Dallas, Texas 75201 


(972) 757-6529 / skonings@lapisenergy.com 


 


Well Locations: Union County 


El Dorado, Arkansas 


Project Blue Class VI Injection Well No. 1 


Project Blue Well No. 1 


Latitude Coordinate: 33.26217733 


Longitude Coordinate: -92.69162567 


This Post-Injection Site Care (PISC) and Site Closure plan describes the activities that Lapis 


Energy will perform to meet the requirements of 40 CFR 146.93. To achieve this, Lapis Energy 


plans to implement a PISC over a 50-year timeframe to demonstrate conformance and 


containment. Data will be gathered to track the position of the CO2 plume, declining pressure front 


and to demonstrate that the Underground Source of Drinking Water (USDW) is not endangered, 


using an adaptive, sustainable, risk-based monitoring approach. Depending on project 


performance during the project life cycle, Lapis Energy may consider requesting an alternative 


PISC timeframe at a future date. 


Prior to authorization for site closure, Lapis Energy will demonstrate that no additional monitoring 


is needed to ensure that the geologic sequestration project does not pose an endangerment to 


USDWs as per 40 CFR 146.93(b)(3). Following approval for site closure, Lapis Energy will plug 


remaining wells as needed, restore the site, and submit a site closure report and associated 


documentation. 


  



mailto:skonings@lapisenergy.com
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2.0 PRESSURE DIFFERENTIALS 


Pressure differentials at the Injection Well are presented in the following section per the 40 CFR 


146.93(a)(2)(i) standard. Based on the modeling of the pressure front as part of the Area of Review 


(AoR) delineation, pressure at the Injection Well is expected to decrease to values approaching 


pre-injection levels within five years for all zones, as described below. Additional information on 


the projected post-injection pressure declines and differentials is presented in “AoR and Corrective 


Action Plan” submitted in Module B.  


The formation pressure at the Injection Well is predicted to decline rapidly within the first several 


years following cessation of injection. Based on the modeling of the pressure front as part of the 


AoR delineation, pressure is expected to decrease below established pressure differential 


thresholds before the end of the 50-year PISC timeframe. 


Note: initial pressures and conditions will be updated with data acquired during the testing and 


logging of the Injection Well. Data for initial conditions has been calculated based upon analogues 


and regional data for the geologic formations. 


A discussion of each zone’s pressure response following injection is included below [40 CFR 


146.93(c)(1)(ii)]. 


2.1 LOWER HOSSTON INJECTION ZONE 


The initial pressure in the Lower Hosston reservoir estimated at the top of the planned perforations 


in the Project Blue No. 1 Injection Well is 1,742 psi prior to commencement of CO2 injection.  


When injection operations commence (modeled time period January 2040) the initial pressure 


increases to 2,219 psi, however, it drops rapidly to lower levels. The final pressure at end of the 5-


year modeled injection time (year-end 2045) is 1,991 psi. This amounts to a maximum differential 


pressure increase of 249 psi in the Lower Hosston Injection Zone at the end of injection (over the 


baseline pressure at the beginning of injection).  


Once CO2 injection ceases, the pressure rapidly declines to a value of 1,761 psi within 5 years of 


the end of injection (year-end 2050) and slowly decreases to 1,734 psi at the end of the observation 
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period (2095). This overall net decrease of pressure at end of observation is an artifact of CO2-


brine interaction in the model. 


The pressure decline is very rapid in the Lower Hosston due to the expected high permeability of 


the reservoir, which allows the pressure to dissipate quickly in the reservoir. The pressure profile 


for Lower Hosston top perforation for the Project Blue No. 1 Injection Well is shown in the Figure 


1. 


2.2 COTTON VALLEY INJECTION ZONE 


The Cotton Valley Injection Zone is completed across three independent injection intervals for  a  


five-year period of injection for each, each termed as CV1 (deepest), CV2, and CV3 (shallowest). 


There is a total of 15 years of injection into the Cotton Valley Injection Zone as a whole. The initial 


pressure is subsequently lower for each of the injection intervals moving up from CV1 through 


CV3. In the Cotton Valley Injection Zone, the pressure decay rates are discussed individually for 


each interval as they are designed to be perforated and completed separately. Due to the vertical 


proximity the initial pressures for the CV2 and CV3 intervals are above their initial reservoir 


pressure from the pressure front of the CV1 interval injection. Additionally, the pressure decay of 


the CV1 and CV2 intervals demonstrate rapid decline and then subsequential stabilization because 


of the overlying CV3 interval injection. Following the cessation of injection into the CV3 interval 


all three injection intervals continue to demonstrate pressure decay and return to near or slightly 


below (artifact of CO2 and brine interaction in model) initial reservoir pressure.  


The initial pressure for the CV1 at the top of the planned perforations in the Project Blue No.1 


Injection Well is 2,647 psi prior to commencement of CO2 injection. The pressure increases to a 


maximum value of 4,161 psi and then stabilizes to 4,088 psi at the end of the modeled five-year 


injection period (year-end 2030). This amounts to a maximum differential pressure increase of 


1,514 psi in the CV1 injection interval at the end of injection (over the baseline pressure at the 


beginning of injection). Once CO2 injection ceases, the pressure rapidly declines to a value of 


2,820 psi within five years of the end of injection (year-end 2035) and gradually decreases to a 


value of 2,650 psi (for a net decrease of 3 psi at the wellbore) at the end of the 65 years of the 


observation timeframe (year end 2095). See Figure 2. 
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The initial pressure for the CV2 at the top of the planned perforations in the Project Blue No.1 


Injection Well is 2,450 psi prior to commencement of CO2 injection. The pressure gradually 


increases to 2,517 psi (year-beginning 2030) before the start of injection due to the CO2 injection 


from the underlying CV1 interval. The pressure increases to a maximum value of 3,885 psi within 


the first year of injection and then stabilizes to 3,417 psi at the end of the modeled five-year 


injection period (year-end 2035). This amounts to a maximum differential pressure increase of 967 


psi in the CV2 injection interval at the end of injection (over the baseline pressure at the beginning 


of injection). Once CO2 injection ceases, the pressure rapidly declines to a value of 2,626 psi within 


five years of the end of injection (year-end 2040) and gradually decreases to a value of 2,445 psi 


(for a net decrease of 5 psi at the wellbore) at the end of the 60 years of the observation timeframe 


(year end 2095). See Figure 3. 


The initial pressure for the CV3 at the top of the planned perforations in the Project Blue No. 1 


injection well is 2,206 psi prior to commencement of CO2 injection. The pressure gradually 


increases to 2,328 psi (year-beginning 2035) before the start of injection due to the CO2 injection 


from the underlying CV1 and CV2 intervals. The pressure increases to a maximum value of 3,471 


psi  within the first year of injection and then stabilizes to 2,796 psi at the end of the modeled five-


year injection period (year-end 2040). This amounts to a maximum differential pressure increase 


of 726 psi in the CV3 injection interval at the end of injection (over the baseline pressure at the 


beginning of injection). Once CO2 injection ceases, the pressure rapidly declines to a value of 


2,300 psi within five years of the end of injection (year-end 2045) and gradually decreases to a 


value of 2,210 psi (for a net decrease of 4 psi at the wellbore) at the end of the 55 years of the 


observation timeframe (year-end 2095). See Figure 4. 


The pressure decline takes longer to reach an equilibrium value because the expected lower 


permeability of the Cotton Valley Injection Zone doesn’t allow for as rapid a pressure equilibration 


as observed for the Lower Hosston Injection Zone. Additionally, the multiple completion intervals 


are a secondary cause for the slower rate of pressure decay in the Cotton Valley Injection Zone. 


The pressure profile for the Cotton Valley injection intervals combined (CV3, CV2, and CV1) at 


the top perforations; respectively, for the Project Blue No. 1 Injection Well are shown as a 


comparison in Figure 5.  
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3.0 PREDICTED POSITION OF PLUME AND PRESSURE AT CLOSURE 


The predicted plume and pressure front at time of closure for the Project Blue site is presented in 


the following section per the 40 CFR 146.93(a)(2)(ii) standard. 


Due to the density contrast between the free-phase CO2 and the formation brine, CO2 will tend to 


migrate to the top of the storage reservoir The following mechanisms will act to stop this migration 


and immobilize the CO2 plume within the storage complex:  


• Dissolution of CO2 into unsaturated or partially saturated formation brine. 


• Trapping by capillary forces at the deep/receding edge of the plume as brine invades the 


pore space previously occupied by CO2 (after injection ceases).  


• In-situ mineralization of the CO2 dissolved in the formation water (expected to be an 


important mechanism over an extended timescale and ignored in the current model. 


Based on the dynamic modeling, which considers dissolution of CO2 into formation brine and 


capillary trapping (but not mineralization), it is expected that the plume will remain within the 


storage complex, and away from potential leak paths (such as regional faults or legacy wellbores), 


in each of the Injection Zones, as shown in Figures 6 thru 9. 


Note that the Lower Cretaceous Sequence Boundary (LCSB) Confining Zone is expected to act as 


a barrier to CO2 migration. This will be verified via data acquisition activities (in particular – 


estimation of capillary entry pressure).  


Figures 6 thru 9 show the predicted extent of the plume front at the end of the 50-year PISC 


timeframe (year-end 2095), representing the maximum extent of the plume front, for each of the 


Injection Zones. These maps are based on the final AoR delineation and modeling results 


(submitted in Module B) pursuant to 40 CFR 146.84. 
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4.0 POST-INJECTION MONITORING PLAN 


Lapis Energy will perform monitoring of the Project Blue site as described in the following section 


during the post-injection phase to meet the requirement of 40 CFR 146.93(B)(1). The results of all 


post-injection phase testing and monitoring will be submitted annually, within 60 days of the 


anniversary date of cessation of injection operations, as described in Section 4.3 below. 


A key focus of the post-injection monitoring plan will be to verify that the CO2 plume and pressure 


front develop in accordance to model predictions. These models will have been calibrated to the 


monitoring data and updated regularly (at least every five years) during the injection phase of the 


project. Confirming that the updated model provides a good guide to future plume and pressure 


behavior (good conformance) will enable it to be used to support a longer-term prediction of plume 


and pressure, and hence demonstration of expected containment and non-endangerment of USDW. 


To further verify the expected performance of the storage site, additional monitoring activities 


post-injection include: 


• CO2 plume and pressure front tracking. 


• Monitoring as close as possible to the above confining zone. 


An overview of these monitoring activities is provided in sections 4.1 and 4.2. 


Depending on the outcome of the data evaluation, additional monitoring activities may be 


implemented to verify that there is no endangerment to USDW (e.g., collection of fluid samples 


for laboratory analyses). 


Lapis Energy will follow QA/QC procedures for post-injection monitoring to ensure 


representative, defensible, and reliable data are collected.  Please refer to the quality assurance and 


surveillance plan (QASP) provided in Appendix 1 to the “E.1 - Testing and Monitoring Plan” 


submitted in Module E.  


Lapis Energy plans to implement a PISC over a 50-year timeframe to demonstrate conformance 


and containment. This will be demonstrated using two In-Zone (IZ) Monitoring Wells, located up 
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and down dip of the plume, and one Above Confining Zone (ACZ) Monitoring Well for the 


following PISC monitoring plan.  


Additionally,  shallow water supply wells (WSW) located on the El Dorado Chemical Company 


(EDCC) Facility and within the surrounding area, are completed into the Sparta Aquifer System. 


These wells will also be utilized as part of the PISC monitoring plan. Data will be gathered to track 


the position of the CO2 plume and pressure front and to demonstrate that the USDW is not 


endangered, using an adaptive, and risk-based monitoring approach. Depending on project 


performance during the project life cycle,  Lapis Energy may consider an Alternative PISC at a 


future date if supported by operational data.  


4.1 MONITORING ABOVE THE CONFINING ZONE  


The post-injection monitoring plan includes a dedicated ACZ Monitor Well (into the saline Tokio 


Formation) as outlined in the TMP. This well will also be used in the post-injection monitoring 


period to collect continuous daily bottomhole pressures during the first year of the PISC 


observation period. Frequency for following years will be determined based on data evaluation 


collected during the first-year post-injection. This plan will ensure that any vertical pressure 


changes above the confining zone (nearest the point of injection) are monitored, as well as confirm 


there is no unexpected pressure breach out of the confining zone. 


Table 1 below presents the monitoring methods, locations, and frequencies for monitoring above 


the confining zone.  


Table 1: Monitoring of ground water quality and geochemical changes above the confining zone 


Target Formation Monitoring Activity 
Monitoring 


Location(s) 
Spatial Coverage Frequency 


Tokio Formation 


Downhole 


Pressure/Temperature 


Monitoring 1 ACZ Monitor Wells 


 


Near point of 


injection 
Adaptive 


Geochemical testing 


signal is 


observed/triggered 
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Depending on data collected and evaluated from the in-well gauge and CO2 plume and pressure 


tracking, additional investigations might be initiated. Groundwater quality monitoring would occur 


in the ACZ Monitoring Well for the first permeable layer above the Confining Zone (the saline 


Tokio Formation). Additionally, groundwater quality monitoring of one of the shallow USDW’s 


(Sparta Aquifer System) could be sampled from a WSW on the EDCC Facility property. Sampling, 


chain of custody, analysis procedures and quality assurance for the post-injection groundwater 


quality monitoring will follow the protocols detailed in the Testing and Monitoring Plan (TMP) 


and the Quality Assurance and Surveillance Plan (QASP). 


As mentioned previously, an emphasis will be placed to identify a potential loss of containment as 


early as possible; hence, the focus placed on monitoring the Tokio Formation, as close as possible 


to the top of the Confining Zone. In case there is a need to take fluid samples, the potential 


parameters to be analyzed are planned to be aligned with those listed in Table 2.  


Table 2: Summary of potential analytical and field parameters for ground water samples 


Parameters Analytical Methods 


Tokio and Sparta Formations 


Cations:   


Al, Ba, Mn, As, Cd, Cr, Cu, Pb, Sb, Se, Sr, and Tl 


ICP-MS, EPA Method 6020B 


Cations:   


Ca*, Fe, K*, Mg*, Na*, and Si 


ICP, EPA Method 6010D 


Anions:   


Br*, Cl*, F, NO3, and SO4
* 


Ion chromatography, EPA Method 300.0 


Alkalinity (total and bicarbonate)* SM 2320B 


Total dissolved solids* SM 2540C 


Water density (lab) SM 2710F 


Water density (field)* Calculated from Salinity, Temperature, and Pressure 


pH (lab)* SM 4500 H+B 


pH (field)* Standard Method 4500-H+ B-2000 


Specific conductance (field)* Standard Method 2510 B-1997 


Temperature (field)* Thermistor, Standard Method 2550 B-2000 


Turbidity (field)* Nephelometric - Optical, 90° Scatter 


Oxidation-Reduction Potential (field)* Platinum Button; Ag/AgCl Reference 


Dissolved Oxygen (field)* ASTM Method D888-09 (C) 
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Parameters Analytical Methods 


Dissolved Inorganic Carbon (DIC)* SM 5310B 


Isotopic composition of selected major or minor 


constituents (e.g., 228Ra/226Ra, 87Sr/86Sr)   


EPA Method 901.1, ICP-MS 


δ18O and δ2H of H2O Analyzed via CRDS 


δ13C of DIC Gas Bench/CF-IRMS 


14C of DIC AMS 


Dissolved CO2, N2, Ar, O2, He, C1-C6+, by headspace* In-house Lab SOP, similar to RSK-175 


δ13C of dissolved Methane, Ethane, Propane, and CO2, δ2H 


of Methane 
High precision (offline) analysis via Dual Inlet IRMS 


 


In the event that monitoring detects the presence and migration of fluids from below the confining 


zone, actions detailed in the  “E.4 - Emergency and Remedial Response Plan” submitted in Module 


E will be initiated. 


4.2 CO2 PLUME AND PRESSURE FRONT TRACKING 


Lapis Energy will employ direct and indirect plume and pressure front monitoring as described in 


the following sections during the post-injection phase to adhere to the requirements of 40 CFR 


146.93(b)(1).  The results of all post-injection phase testing and monitoring will be submitted 


annually, within 60 days of the anniversary date on which injection ceases, as described under 


“Schedule for Submitting Post-Injection Monitoring Results” below. All Monitoring Well 


locations will be fixed points and will allow for access to sample and results will be compared to 


baseline data. 


Post-injection monitoring will evaluate the pressure differential between the pre-injection and 


predicted post-injection pressures within the targeted Injection Zones (Lower Hosston and Cotton 


Valley Formations).  Predicted post-injection pressures will be derived from the most up to date 


AoR model results and will be compared to measured/observed pressure readings. Pressure 


measurements will be continuously monitored via IZ Monitoring Wells. The monitoring system 


design will consist of a downhole system (to be decided) that will provide pressure measurements 


during the injection and post-injection lifetime of the project. Potential future technology at the 


time of closure will also be considered and the PISC plan and Monitoring Wells will be updated 


accordingly. The IZ Monitoring Wells will be located up and down dip of the project plume path.  
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However, with the cessation of injection operations, pressures in each of the Injection Zones are 


expected to dissipate rapidly within the first five years, and then continuing to decline at slower 


rates as presented in Section 2.0.  


Indirect monitoring of the CO2 plume will continue to build upon a proposed time-lapse seismic 


survey method that will be performed during injection operations.  


Lapis Energy will employ direct and indirect methods to track the extent of the carbon dioxide 


plume and the presence or absence of elevated pressure in accordance with 40 CFR 


146.93(a)(2)(iii).  Table 3 presents the direct and indirect methods that Lapis Energy will use to 


monitor the CO2 plume, including the activities, locations, and frequencies which will be 


employed.  


Table 3: Post-injection phase plume monitoring 


Target Formation Monitoring Activity Monitoring 


Location(s) 


Spatial Coverage Frequency 


DIRECT PLUME MONITORING 


All Injection Zones: 


- Lower Hosston  


- Cotton Valley 


 


Geochemical Fluid 


Sampling 


North and South IZ 


Monitoring Wells 


AoR – Up and 


Down dip of 


injection 


operations 


Adaptive 


All Injection Zones: 


- Lower Hosston  


- Cotton Valley 


 


Saturation Log (Pulsed-


Neutron Log) 


North and South IZ 


Monitoring Wells 


AoR – Up and 


Down dip of 


injection 


operations 


Adaptive  


INDIRECT PLUME MONITORING 


All Injection Zones: 


- Lower Hosston  


- Cotton Valley 


 


Seismic method 


designed for plume 


tracking, also to detect 


any CO2 above 


sequestration complex  


Potentially North and 


South IZ Monitoring 


Wells.  


 


In case of sparse array 


seismic, there will be no 


well access required. 


Azimuthal 


coverage of the 


plumes 


Adaptive  
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Monitoring of the CO2 plume will be accomplished by collecting saturation logs in the North and 


South IZ Monitoring Wells periodically and through seismic data acquisition within the AoR 


during the 50-year PISC timeframe.  


Table 4 presents the direct monitoring methods that Lapis Energy will employ to monitor the 


pressure front, including the activities, locations, and frequencies for the Project Blue site. 


Monitoring of pressure and temperature for both injection zones will  include a system design (to 


be determined) within the IZ Monitoring Wells that will be robust and lasting through the injection 


and post-injection lifetime. Lapis Energy will also consider the potential future technology at the 


time of closure that may be available, and the PISC plan and Monitoring Wells designs would be 


updated accordingly. Pressure monitoring results will be compared to modeling and simulation 


forecast predictions of expected pressure behavior for each zone. If there are significant deviations, 


the modeling will be updated to match the observed pressure data post-injection.  


Table 4: Post-injection phase direct pressure-front monitoring 


Target Formation Monitoring 


Activity 


Monitoring 


Location(s) 


Spatial Coverage Frequency  


All Injection Zones: 


- Lower Hosston  


- Cotton Valley 


 


IZ Pressure and 


Temperature 


Monitoring  


North and South 


IZ Monitor Wells 


AoR – Up and 


down dip of 


injection operations 


Adaptive  


Plume and pressure front monitoring information regarding equipment used (i.e. logging 


procedures) is detailed in the TMP and in the QASP. If a deviation from the predicted plume and 


or pressure front behavior occurs, protocols detailed in the “E.4 - Emergency and Remedial 


Response Plan” submitted in Module E will be implemented. 


4.3 SCHEDULE FOR SUBMITTING POST-INJECTION MONITORING RESULTS 


All post-injection site care monitoring data and monitoring results collected using the methods 


described above will be submitted to EPA in annual reports, within 60 days following the 


anniversary date on which injection operations ceased. The reports will contain information and 


data generated during the reporting period, i.e. well-based monitoring data, sample analysis, and 


the results from updated site models. 
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At any time during the life of the injection project if a change to the post-injection site care plan is 


deemed necessary, a request will be submitted to the UIC Program director at least 30 days prior 


to making the change. 
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5.0 ALTERNATIVE PISC TIMEFRAME 


Lapis Energy is not currently requesting an Alternative PISC timeframe as part of this initial 


submittal. Depending on project performance, consideration will be given to an alternative PISC 


timeframe at a future date. 
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6.0 USDW NON-ENDANGERMENT DEMONSTRATION CRITERIA 


Prior to approval of the end of the post-injection phase, Lapis Energy will submit a demonstration 


of non-endangerment of USDWs to the UIC Program Director, per 40 CFR 146.93(b)(2) or (3).  


Lapis Energy will issue a report to the UIC Program Director. This report will make a 


demonstration of USDW non-endangerment based on the evaluation of the site monitoring data 


used in conjunction with the project’s computational model. The report will detail how the non-


endangerment demonstration evaluation uses site-specific conditions to confirm and 


demonstrate non-endangerment. The report will include all relevant monitoring data and 


interpretations upon which the non-endangerment demonstration is based, model documentation 


and all supporting data, and any other information necessary for the UIC Program Director to 


review the analysis. The report will include the following sections. 


6.1 INTRODUCTION AND OVERVIEW 


A summary of relevant background information will be provided, including the operational 


history of the injection project, the date of the non-endangerment demonstration relative to the 


post-injection period outlined in this PISC and Site Closure Plan, and a general overview of how 


monitoring and modeling results will be used together to support a demonstration of USDW non-


endangerment. 


6.2 SUMMARY OF EXISTING MONITORING DATA 


A summary of all previous monitoring data collected at the site, pursuant to the “E.1-Testing and 


Monitoring Plan” (submitted in Module E) and this PISC and Site Closure Plan, including data 


collected during the injection and post-injection phases of the project, will be submitted to help 


demonstrate non-endangerment. Data submittals will be in a format acceptable to the UIC 


Program Director [40 CFR 146.91(e)], and will include a narrative explanation of monitoring 


activities, including the dates of all monitoring events, changes to the monitoring program over 


time, and an explanation of all monitoring infrastructure that has existed at the site. Data will be 


compared with pre-injection data collected during site characterization (consideration will also 


be given to potential factors that might lead to changes compared to pre-injection data and which 
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are not related to the proposed CO2 injection project).   


6.3 SUMMARY OF COMPUTATIONAL MODELING HISTORY 


The modeling is intended to present a conservative estimate of pressure build-up and plume extent 


over the injection and post injection life of the project. The data used in the model is derived from 


regional data, and from wells in near proximity to the project site. Until information is obtained 


from the site-specific wells, input data is used to create a conservative estimate (larger) of pressure 


build-up and plume extent. The current model represents a preliminary scenario for computational 


modeling at the Lapis Energy Project Blue site and will be updated to a final simulation scenario 


following acquisition of additional data from the Injection Well. 


6.4 EVALUATION OF RESERVOIR PRESSURE 


The current model assumes an initial reservoir pressure for each injection zone based upon a 


calculated pore pressure fracture gradient prediction. Initial static pressures will be obtained in the 


Injection Well and Monitoring Wells for the Project Blue site. The original static pressures will be 


collected in all targeted Injection Zones; the Lower Hosston and Cotton Valley. The pre-injection 


pressures will be used as a comparison during injection and post-closure operations. 


Annual reservoir pressures will be collected during MIT for the Injection Well and evaluated 


against the initial static pressures in the Injection Zones and compared to the computational 


modeling results. The collected reservoir pressure data will be used to update and re-evaluate the 


model at the required five-year intervals to provide an operational model and a new projected 


modeled pressure for a future time-series and post-closure period. 


6.5 EVALUATION OF CO2 PLUME 


The location and migration rate of the CO2 plume will be monitored indirectly using seismic 


geophysical methods (repeat VSP or surface seismic such as SASSA as applicable). Following-on 


from the injection phase plume monitoring philosophy, the timing of each survey will be adaptive, 


and will be determined in response to the previous surveys, the updated AoR model and updated 


risk assessment (e.g. subsequent repeats planned to ensure timely identification of the plume 
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reaching any identified risks). Additional repeats may be triggered in response to anomalous 


monitoring data (e.g. anomalous pressures or surveys, samples from ACZ or IZ Monitor Wells).  


As a minimum, sufficient geophysical repeats will be performed to demonstrate the migration rate 


of the plume at the end of the PISC period (or lack of continuing migration) and confirm a lack of 


seismic indicators for leaked CO2 within the overburden. All monitoring data will be used to 


calibrate the dynamic model and reduce predictive uncertainty. After calibration (history 


matching) the model will be used to update its predictions of the development of the AoR, 


declining pressure and CO2 plumes. Since the current model is conservative and uses a “worst-


case” scenario approach, the actual predicted pressure data is expected to be less than the modeled 


pressure. The collected reservoir pressure data will be used to update and re-evaluate the model at 


the required five-year intervals to provide an operational model and a new projected modeled 


pressure for a future time-series and post-closure period. 


The final models will be used to support non-endangerment of the USDW, demonstrating that 


pressure has declined below that which is required to push brine up an open conduit into the USDW 


and that the plume has either stopped or slowed to a rate at which it will not reach any potential 


leak pathway to a USDW within a reasonable timeframe. 


6.6 EVALUATION OF EMERGENCIES OR OTHER EVENTS 


Lapis Energy has developed a plan to evaluate emergencies related to the Project Blue site as 


detailed in “E.4 – Emergency and Remedial Response Plan” submitted in Module E. This plan 


accounts for potential emergencies and events at three phases of the project: 1) during the 


construction of the Injection Well, 2) during the operation of the Injection Well, and 3) during the 


site closure and post closure monitoring of the site.  


This includes, but is not limited to, adaptive (triggered) sampling analysis of the USDW and other 


groundwater systems within the AoR. 


6.7 NEAREST POTENTIAL CONDUITS 


There are no faults or other geologic features that would permit the vertical migration of CO2 or 


formation fluids into USDWs. All artificial penetrations (active/abandoned) contained within the 
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modeled pressure and plume containment, were evaluated as to the adequacy of construction, and 


plugging to determine the potential of the penetration to convey fluid from an injection zone into 


the overlying USDWs (non-endangerment) and the potential of the penetration to convey injected 


effluent out of the injection zone (no migration) [40 CFR 146.84 (c)(3)].  


The artificial penetrations in the delineated AoR have been evaluated per the protocol outlined in 


the  “Area of Review and Corrective Action Plan” submitted in Module B. No artificial 


penetrations within the plume extent penetrate deep enough to act as a potential conduit for CO2 


as they do not intersect the plume vertically, and do not pose a threat for migration out of the 


authorized zones. 


The AoR model during injection operations will be regularly updated and calibrated to the 


monitoring data (minimum every five years). The artificial penetration risk assessment and 


required corrective measures will likewise be updated in line with each update to the pressure and 


plume prediction, and adjustments made to the TMP, PISC, and injection schedule to ensure 


project goals (e.g.  non-endangerment of USDW) are continued to be met.    







Narrative Revision Number: 0 


Plan Revision Date: January 2023 


Module E – Project Plan Submissions 


Post Injection Site Closure and Site Care  Plan for Project Blue 


Class VI Permit Number: R06-AR-0001   Page 18 of 21 


7.0 SITE CLOSURE PLAN 


Lapis Energy will conduct site closure activities to meet the requirements of 40 CFR 146.93(e) as 


described below. Lapis Energy will submit a final Site Closure Plan and notify the permitting 


agency at least 120 days prior of its intent to close the site. Once the permitting agency has 


approved closure of the site, Lapis Energy will plug the Monitoring Wells and submit a site closure 


report to EPA. The activities, as described below, represent the planned activities based on 


information provided to the EPA. The actual site closure plan may employ different methods and 


procedures. A final Site Closure Plan will be submitted to the UIC Program Director for approval 


with the notification of the intent to close the site.  


7.1 PLUGGING MONITORING WELLS 


Prior to the plugging and abandonment of Monitoring Wells, the bottomhole pressure will be 


determined using the in-hole pressure monitoring device(s). Should the in-hole pressure device(s) 


be damaged, then a slickline pressure gauge will be run in the hole to measure the bottomhole 


pressure. 


Examination of internal and external well integrity using appropriate tools will be carried out 


before well plugging. This will include an examination of the cement quality using cement bond 


logs and an examination of casing using a radioactive tracer log or temperature logs, pressure 


testing, and/or also casing caliper log. Usage of available technologies to examine well integrity 


at the time of the plugging will also be considered. 


Well plugging is considered pass when it meets the objective of well plugging which is minimizing 


the chance of leak to environment and unintended flow of fluid underground. The verification 


objective is to assess the sealing effectiveness and required position of a permanent isolation.  


Verification of meeting the objective will be conducted at the end of each plugging operation.   


It is recommended to plug the Monitoring Wells using up to 3 plugs per well as per the following: 


1- 100 - 200-foot cement plug at the top of the monitoring interval and upwards into a 


containment layer for the IZ Monitoring Wells using acid resistant cement, (and across the 


Tokio Formation within the ACZ Monitor Well). 
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2- 100 - 200-foot cement plug across or below the base of USDW and across the surface 


casing shoe. 


3- 25-foot cement surface plug. 


Prior to plugging Monitoring Wells, Lapis Energy will consider the operational and monitoring 


history of the sequestration project and identify whether any information or events warrant 


amendment of the original well plugging plan. 


Well specific plugging plans will be designed based upon the “as-built” construction of the 


Monitoring Wells and adhere to State of Arkansas for plugging standards. These wells will be 


plugged at the end of the PISC timeframe  (year-end 2095) using general plugging procedures as 


outline below.  


7.1.1 Plugging Procedures. 


In compliance with 40 CFR 146.92(c), notify the EPA UIC Program Director at least 60 days 


before plugging the well and provide updated plugging plan.   


1. Bottom hole reservoir pressure will be obtained prior to well plugging.   


2. Well will be flushed or circulated with brine to displace all in well fluids. Normally the 


well is flushed/circulated by pumping 2 times well volume brine at pressure lower than 


80% of frac pressure   


3. Temperature log will be run and compared with the baseline temperature log in addition to 


temperature logs during injection and post-injection to determine external mechanical 


integrity. In addition, either a noise log or oxygen activation log could also be run and 


evaluated for external mechanical integrity.   


Note: If the external well integrity was found to be poorer than expected then a proper risk 


assessment will be conducted to assess if 3 plugs are sufficient to meet well plugging 


objectives or not.  


4. Pull out/remove tubing and packer from the well   


5. Run and set a permanent mechanical bridge plug at the caprock above the monitoring zone   
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6. Run in hole to tag top of the plug.  


7. Rig up cementing equipment and pump a fluid spacer, followed by standard cement (Class 


A or G ) mixed at a minimum density of 15.6 pounds per gallon (lb/gal) into the work string 


while stung into the cement retainer.  


NOTE: acid-resistant cement will be used across any open hole /perforations that are in 


any injection zone. These plugs will be at least 100 feet thick and extend across the open 


portion and up into the overlying confining layer.  


8. Displace the cement on top of the mechanical plug.  


9. After waiting for enough time for the cement to harden, locate the top of the cement plug 


and pressure test the cement plug to 1,500 psi to verify its competency.  


10. Displace the wellbore with fluid of a minimum density of 9.5 ppg.  


11. Repeat the above for the 2nd cement plug.  


12. Repeat the above for the 3rd/surface cement plug.  


13. Remove wellhead, cut the casing three feet below the ground surface, and weld steel plate 


on top.  


14. Erect a permanent marker on the well with the permit number, date of plugging and 


company name identified on the marker. 


15. In accordance with the requirements of 40 CFR 146.92(d), within 60 days of plugging and 


closure, a plugging report will be submitted to the UIC director. This report will be certified 


as accurate by the owner or operator, and by the person who has performed the plugging 


operations. The owner / operator will retain the well plugging report for 10 years following 


the site closure.  


7.1.2 Site Restoration 


After the plugging of the Monitoring Wells, the wellhead and surface equipment shall be 


decommissioned and removed from the site. The well pad will be cleaned, and the access road will 


be left in place.  







Narrative Revision Number: 0 


Plan Revision Date: January 2023 


Module E – Project Plan Submissions 


Post Injection Site Closure and Site Care  Plan for Project Blue 


Class VI Permit Number: R06-AR-0001   Page 21 of 21 


7.2 SITE CLOSURE REPORT 


A site closure report will be prepared and submitted within 90 days following site closure, 


documenting the following  


• Plugging of the Monitoring Wells (and the Injection Well if it has not previously been 


plugged), 


• Location of sealed Injection Well on a survey plat that has been submitted to the local 


zoning authority, 


• Notifications to state and local authorities as required at 40 CFR 146.93(f)(2), 


• Records regarding the nature, composition, and volume of the injected CO2, and 


• Post-injection monitoring records. 


Lapis Energy will record a notation to the property’s deed on which the Injection Well was located 


that will indicate the following: 


• That the property was used for carbon dioxide sequestration, 


• The name of the local agency to which a survey plat with the Injection Well location 


was submitted, 


• The volume of fluid injected, 


• The formation(s) into which the fluid was injected, and 


• The period over which the injection occurred. 


The site closure report will be submitted to the permitting agency and maintained by the owner or 


operator for a period of 10 years following site closure. Additionally, the owner or operator will 


maintain the records collected during the post-injection period for a period of 10 years after which 


these records will be delivered to the UIC Program Director. 
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1.0 FACILITY INFORMATION 


Facility/Project Name: El Dorado Chemical Company – Lapis Energy  


Project Blue Class VI Injection Well No. 1 


 


Facility/Project Contact: Stijn Konings, Chief Geoscientist 


Lapis Energy LP 


2950 N. Harwood St. 


Dallas, Texas 75201 


(972) 757-6529 / skonings@lapisenergy.com 


 


Well Locations: Union County 


El Dorado, Arkansas 


Project Blue Class VI Injection Well No. 1 


Latitude Coordinate: 33.26217733 


Longitude Coordinate: -92.69162567 


This document will define the requirements for the Emergency and Remedial Response Plan 


(ERRP) for a Class VI well as required by Code of Federal Regulations, Title 40 – Protection of 


the Environment Section, Part 146 – Underground Injection control program: Criteria and 


standards, Subpart H – Criteria and Standards Applicable to Class VI Wells, Section 146.94.  (40-


CFR-146.94) 


Note: that this ERRP is to be read in conjunction with the LSB/El Dorado Chemical Company 


ERRP. 


This ERRP describes actions that Lapis Energy shall take to address movement of the injection 


fluid or formation fluid in a manner that could endanger the underground source of drinking water 


(USDW) during the construction, operation, or post-injection site care periods. 


If Lapis Energy obtains evidence that the injected CO2 stream and/or associated pressure front may 


cause an endangerment to the USDW, Lapis Energy will perform the following actions: 


1. Initiate shutdown plan for the injection well(s). 


2. Take all steps reasonably necessary to identify and characterize the nature of any release. 



mailto:skonings@lapisenergy.com
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3. Notify the permitting agency (UIC Program Director) of the emergency event within 24 


hours. 


4. Implement applicable portions of the approved ERRP. 


Where the phrase “initiate shutdown plan” is used, the following protocol will be employed: Lapis 


Energy will immediately cease injection. However, in some circumstances, Lapis Energy will, in 


consultation with the UIC Program Director, determine whether gradual cessation of injection 


(using the parameters set forth in the Summary of Requirements of the Class VI permit) is safe 


and appropriate.  
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2.0  LOCAL RESOURCES AND INFRASTRUCTURE 


The Lapis Energy-El Dorado Facility site is located northwest of the city of El Dorado in Union 


County, Arkansas. According to the most recent Census data in 2020, Union County had a 


population of 38,340 people. Union County ranks the 19th largest county by population of the 75 


counties in Arkansas. By land area, Union County is the largest county encompassing 1,055 square 


miles (2,730 km2), of which 1,039 (2,690 km2) square miles is land, and 16 square miles (41 km2) 


is water. The economy of Union County, Arkansas employs approximately 15.9 thousand people. 


The largest industries are manufacturing, health care and social assistance, and retail trade.  


Resources in the vicinity of the Lapis Energy-El Dorado Facility site that may be affected as a 


result of an emergency event at the project site include:  


• Local USDW impacts from groundwater wells. 


• Surficial water bodies: 


o Facility Onsite Lake 


These freshwater resources, which have been identified as being located within or proximal to the 


project site, have been determined to be at least 3,000 feet above the proposed subsurface injection 


reservoir targets. Although there is little likelihood that facility operations at the project site would 


negatively impact any of these freshwater resources at any point in time during the lifetime of 


those operations, the protection of these important resources is still considered of paramount 


importance and will be discussed throughout this ERRP. 


Infrastructure in the vicinity of the Lapis Energy- El Dorado Facility site that that may be affected 


as a result of an emergency at the project site include:  


• Railways – freight train rail lines run by Union Pacific Railroad. 


• Roads – main public roads for traffic in the area next to the facility. 


o Arkansas Hwy 7 


o Arkansas Hwy 335 


• Plants – production facility. 
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o LSB, El Dorado AR facility  


o Continental Carbonic- Dry ice manufacturer 


• Major City 


o El Dorado 


Resources and infrastructure addressed in this plan are shown in Figures 1 and 2. 
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3.0 POTENTIAL RISK SCENARIOS 


The following sections of this ERRP address events that could potentially result in an emergency 


response by Lapis Energy. Risks have been identified for incidents that could occur: 


• During the construction (drilling and completion) phase of the injection and monitor wells 


• During the injection operation phase of the facility  


• During the post-closure and site closure operations phase 


During each such phase, all on-site personnel will be required to wear the appropriate personal 


protective equipment (PPE) for any potential hazardous materials and risks associated with that 


operational phase of the Project Blue Injection Well at the El Dorado Chemical facility. 


3.1 CONSTRUCTION PHASE 


Risks associated with the drilling and completion of the injection and monitor wells are: 


• Potential well control events (see section 4.2) 


• Potential migration of fluids between formations (see section 4.1) 


Safety programs and training will be in place during the drilling and completion of injection and 


monitoring wells. A detailed Health, Safety, and Environmental (HSE) plan will be developed, 


along with selected vendors, to meet Occupational Safety and Health Act (OSHA) standards to 


safely perform the initial phase of project development. Every operator and contractor will have 


the right, obligation, authority, and responsibility to stop work or any action that is deemed unsafe 


or could negatively impact the environment. It should be noted that all subterranean strata that will 


be drilled into or through by the proposed injection and monitor wells are known to be normally 


pressured strata (i.e., not abnormally pressured or geopressured).  
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3.2 INJECTION OPERATION PHASE 


Risks associated with the injection operation phase of the project have been identified as follows: 


• Mechanical integrity of the injection and monitor wells (see section 4.3) 


• Injection well monitoring equipment failure (e.g., shut-off valve or pressure gauge, 


etc.) (see section 4.4) 


• Migration of CO2 (see section 4.5) 


o Potential vertical migration of CO2 to a USDW (via defective casing or cement 


bond in an injection or monitor well, or geological defect)  


o Potential lateral migration of CO2 outside the defined Sequestration Complex and 


Area of Review (AoR) 


• A natural disaster (see section 4.6) 


o  Natural disaster (e.g., earthquake, tornado, hurricane, lightning strike) (very 


low risk) 


o Induced seismic event (very low risk) 


• Topsides Facility Failure (see section 4.7) 


o Over pressurization of topsides facility resulting in catastrophic failure and 


potential personnel injury 


3.3 POST INJECTION SITE CARE AND CLOSURE PHASE 


Risks associated with the Post Injection Site Closure (PISC) care, which consists of the monitoring 


of the CO2 for a duration period set by the permit parameters have been identified as follows: 


• Mechanical integrity of monitor wells 


• Monitoring equipment failure 


• Potential vertical migration of CO2 to a USDW (through natural or manmade conduits) 


• Potential lateral migration of CO2 outside defined Sequestration Complex or AoR 


• A natural disaster (e.g., earthquake, tornado, hurricane, lightning strike) (very low risk) 
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3.4 DEGREES OF RISK 


Response actions will depend on the severity of the event(s) triggering an emergency response. 


“Emergency events” are categorized as shown in Table 1.  


Table 1: Degrees of Risk for Emergency Events  


Emergency Condition Definition 


Major emergency 


Event poses immediate substantial risk to human health, resources, or 


infrastructure. Emergency actions involving local authorities (evacuation or 


isolation of areas) should be initiated immediately. 


Serious emergency 
Event poses potential serious (or significant) near term risk to human health, 


resources, or infrastructure if conditions worsen or no response actions are taken.  


Minor emergency Event poses no immediate risk to human health, resources, or infrastructure. 


Monitoring and alarm systems will provide notifications of a potential leak of CO2 or formation 


fluids out of regulatory zones, from the injection well, monitoring wells, or surface facilities (i.e. 


pipelines, storage systems, etc.). Alarms will also be set to monitor injection parameters, 


mechanical well integrity, and the injection system integrity [40 CFR 146.88 (e)(2)]. If data shows 


that there is leakage from the reservoir system or a mechanical well failure, the operator will follow 


the initial steps to assess the emergency risks as defined above. Secondly, the operator/facility will 


follow the actions identified below: 


1. The project will activate the emergency and remediation response protocol consistent 


with this ERRP and circumstances of the event. 


2. The Environmental Protection Agency (EPA) Region 6 Underground Injection Control 


Program Director (UIC Program Director) will immediately be notified within 24 hours 


of the event being discovered. 


3. The Arkansas Department of Environmental Quality Underground Injection Control 


Program Director (ADEQ UIC Program Director) will immediately be notified within 


24 hours of the event being discovered. 
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The acting UIC Program Director in authority at the Federal or State level (depending on status of 


primacy for Class VI programs) may allow the operator to resume injection prior to remediation if 


the storage operator demonstrates that the injection operation will not endanger the USDW. 
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4.0  EMERGENCY IDENTIFICATION AND RESPONSE ACTION 


Steps to identify and characterize the event will be dependent on the specific issue identified, and 


the severity of the event. The potential risk scenarios are based upon construction, operation, and 


closure activities associated with the lifetime of the project. The potential risks are identified in 


Table 2 and discussed in the following Sections. Impact severity is based upon the definitions in 


Table 1. Risk likelihood is based upon experience in well drilling, operation, and maintenance in 


other classes of injection wells. 


Table 2: Potential Risks and Detection 


Potential 


 Emergency Event 
Location Phase* Impact Severity 


Risk 


Likelihood 
Detection 


4.1 Contamination of 


USDW with Drilling 


Fluids 


Wellbore C Minor 
Very 


Unlikely 


Loss of circulation while 


drilling 


4.2 Well Control Event Well C Serious to Major 
Very 


Unlikely 


Unexpected changes in well 


fluid levels occur while drilling. 


Influx of hazardous gases from 


formations 


4.3 Injection Well 


Integrity Failure 


Casing, 


annulus, 


tubing, or 


packer 


I Minor Unlikely 


Loss in annular fluid pressure 


or tubing pressure; unusual 


injection rate changes 


4.4 Injection Well 


Monitoring Equipment 


Failure 


Wellhead I Minor to Serious Unlikely  
Failure of parameter-


monitoring equipment 


4.5 Potential Injectate 


Leakage to a USDW 
Well or AoR I, PI Minor to Serious 


Very 


Unlikely 


Onset of elevated injectate 


concentrations in monitoring 


well. 


Temperature survey vertical 


profile anomalies. 


4.6 Natural Disaster Well or AoR I, PI Minor to Major 
Very 


Unlikely 
NA 


4.7 Topside Failure 
Compression 


and transport 
I Minor to Serious Unlikely 


Loss of pressure, visual (ice, 


snow), gas detectors etc. 


*Note: C = Construction Period, I = Injection Phase and PI = Post Injection Period 
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4.1 CONTAMINATION OF USDW WITH DRILLING FLUIDS 


During the construction phase, there is a low risk of potential drilling fluids contaminating a 


USDW due to crossflow and losses into the formation. Losses will be monitored during all phases 


of the drilling of the injection and monitoring wells. The surface hole will be drilled using a water-


based mud system to protect the formation above, across, and directly beneath the USDW. Best 


practice drilling methods and procedures will be employed to limit a potential leakage event. 


Monitoring parameters such as tank levels, flow lines, and flow pressures will lead to a first 


detection response. 


The surface casing will be set into an impermeable layer at depths greater than the lowermost 


USDW. The surface casing will then be cemented to surface [40 CFR 146.86(b)(2)], and cement 


integrity will be verified through a cement bond log (CBL) prior to proceeding to the next phase 


of drilling. This will protect and isolate the USDW’s from potential contamination during the 


deeper drilling operations and during injection operations. 


4.1.1 Impact Severity and Risk 


The potential risk of a contamination of a USDW because of drilling and construction of the well 


is considered low. First, the volume of drilling fluid used to drill through the shallow reservoirs 


that comprise the USDW is relatively small compared to the USDW, and the time required to drill 


through that interval is very short (typically 24-48 hours). Second, the non-toxic gels and mud 


additives used to drill the interval likely seal off the wellbore (with a wallcake) shortly after 


drilling. Finally, there is a long and established history of the successful and safe setting of surface 


casing in hundreds and thousands of wells – typically oil and gas test wells - nationwide.  


If there is a documented (localized) invasion / contamination of the USDW with the non-toxic 


drilling fluid, the impact would be considered a minor emergency event, as such a release would 


not constitute an immediate risk to human health, resources, or infrastructure. At the first detection 


of a potential event, drilling operations will cease and the situation will be evaluated and mitigated. 


It should be noted, however, that the best mitigation of such an event would be the setting and 


cementing of the surface casing across the USDW, as originally contemplated. If such a release to 


the USDW occurs after the surface casing has been set and cemented, the leak will be sealed off 


in accordance with the following Potential Response Actions. 







Revision Number: 0 


Revision Date: January 2023 


Module E – Project Plan Submission 


Emergency and Remedial Response Plan for Project Blue 


Class VI Permit Number: R06-AR-0001  Page 11 of 30  


4.1.2 Potential Response Actions 


In the very unlikely event of a release to the USDW during drilling operations conducted after the 


surface casing has been set and cemented, the following steps will be undertaken: 


1. Cease all drilling operations and assess fluid levels in wellbore. 


2. Evaluate the drilling parameters, tank levels, and flow lines. 


3. Determine amount of potential fluid losses and at what specific depth. 


4. Treat mud with lost circulation materials and adjust mud weight to allow for continuation 


of drilling operation continuation. 


5. Check for leaks in casing and at the casing shoe. IF detected squeeze/patch identified 


defect. 


6. Verify integrity of cement with additional CBL run(s), if required. 


If a leak is detected in the surface casing, it will be squeezed with additional cement or patched, 


and the post-repair cement integrity will then be re-affirmed prior to resuming drilling operations. 


Drilling operations will only resume once the post-repair testing of the surface casing and its 


cement job confirms its integrity. The casing shoe of the surface casing will also be pressure-tested 


to verify its integrity prior to proceeding to the next phase of drilling. 


4.1.3  Response Personnel and Equipment 


During the drilling phase the personnel responsible for monitoring and detection will be the rig 


crew, who will immediately report any indication of a release to the USDW to the company man. 


The company man will then immediately cease all drilling operations and stabilize the well. The 


project supervisor will then be notified and the next steps in the response plan will be initiated. 


The tank levels and pressure and flow meters will be checked and recalibrated if required. 


Refer to Section 5.0 for contact details. 
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4.2 WELL CONTROL EVENT 


During the drilling phase, if a well control event occurs it could potentially lead to the influx and 


subsequent movement of formation fluid or formation gases from one zone to another. Such a well 


control event would be caused by the formation pressure of one zone being greater than the 


hydrostatic pressure of the drilling mud column that would otherwise maintain “overbalanced” 


mudweight conditions, leading to the sudden influx of fluids and/or gases (i.e., a well “kick”). The 


inverse can also take place, where the overbalance of the mud is too great, and the well will incur 


mud losses whilst drilling.    


4.2.1 Impact Severity and Risk 


The severity of this type of event is relatively low if the cause of the event is immediately and 


properly addressed. However, if not immediately mitigated a well control event can become a 


highly severe and dangerous problem if it leads to a loss of control and presents an impact to 


human health and infrastructure. The risk of this type of severe event ever occurring at the Lapis 


Energy- El Dorado Facility site is considered very low and highly unlikely. Multiple oil and gas 


test wells of varying depths have been drilled within a four-mile radius of the project site without 


one single severe loss of control event having been recorded. The drilling records and other records 


filed with the State for those wells have been thoroughly reviewed and integrated into the well 


drilling and completion procedures that will be conducted for the injection and monitor wells. 


These records clearly indicate the top of any abnormally pressured (geopressured) strata is located 


at a depth well below the base of Sequestration Complex; accordingly, the threat of encountering 


a geopressured zone during the drilling of any injection or monitor well is highly unlikely. 


During the drilling of the injection and monitoring wells, parameters such as flow, volume, and 


pressure of the drilling fluid, will be closely monitored, as will be all tank fluid levels and fluid 


circulation rates. Mud weight control will also be utilized to prevent the influx or movement of 


fluid or gases across zones and to reduce the potential for a loss of well control (kick or blowout) 


event to occur. Instruments and procedures used for monitoring during drilling will include: 


1. Flow sensor 


2. Pressure sensor 


3. Tank level indicator 
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4. “Tripping” (replacement of the bottom-hole assembly) displacement practices 


(pursuant to industry drilling operational procedures) 


5. Mud weight control 


Controls in place to remediate such an event include the following: 


1. Blowout prevention (BOP) equipment  


2. “Kill” (high-density) fluid or drilling mud additives on site 


3. Well control training (as per the drilling company practices and protocols) 


4. BOP testing protocol (per manufacture specifications and state requirements) 


These project controls have been historically demonstrated to be effective for well control during 


the drilling of wells in the project site area. 


4.2.2 Response Actions 


If a Well Control event occurs, the following response actions will be taken: 


1. Cease all drilling operations and assess fluid levels in wellbore. 


2. Close the blow out preventor (BOP). 


3. Secure the rig floor and surrounding rig area. 


4. Initiate the Well Control Procedures. 


5. Evaluate the drilling parameters that may have led to the Well Control event or may be 


used to mitigate the event. 


6. Verify cause of the problem and ascertain the risk to human health, if any. 


7. Adjust mud weight to suppress the influx or movement of formation fluids or gases. 


4.2.3 Response Personnel and Equipment 


In addition to the above steps, if a severe Well Control event does occur, the site will be evacuated, 


and the appropriate emergency response personnel (identified in Section 5.0) will be contacted. 


The emergency communication plan set forth in Section 6.0 will also be enacted. The cause of the 
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Well Control event will only be evaluated after the site has been secured and poses no immediate 


threat to human health and life. 


The initial personnel responsible for monitoring and detection will be the rig crew and “tool 


pusher” rig chief, who will immediately report any indication of a release to the USDW to the 


company man. The company man will then notify the project supervisor and initiate the first step 


of the response plan, which is to immediately cease all drilling operations. All tank levels and 


pressure and flow meters will be checked and recalibrated if required. 


If the event is serious to major, the response personnel that would be contacted may also include: 


• Local/State police 


• Fire Department 


• Federal Response Personnel 


• Disaster-specific response teams. 


Refer to Section 5.0 for contact details. 


4.3 INJECTION WELL INTEGRITY FAILURE 


The loss of casing integrity in an injection well during active injection could lead to a well failure 


and potentially endanger the USDW. A loss of integrity and/or well failure may be determined to 


have occurred based upon the observance of one of the following events: 


1. The wellhead pressure deviates significantly from specified / anticipated pressures as 


set forth in the permits filed for the well; 


2. The casing annulus pressure indicates a loss of external or internal well integrity; or 


3. An annual MIT indicates a loss of mechanical integrity. 


Well failure can be a result of either a casing, tubing or packer failure, or cement degradation from 


corrosion/erosion due to long-term CO2 exposure. Automatic alarm and automatic shutoff systems 


will be installed to trigger digital notification and audible alarms if an injection well loses integrity 


during operation per 40 CFR 146.88(e)(2).   
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Pursuant to 40 CFR 146.91(c)(3), Lapis Energy will notify the UIC Program Director within 24 


hours of any triggering of a shut-off system (i.e., downhole or at the surface). 


4.3.1 Impact Severity and Risk 


The potential risk of well integrity failure is low. The mechanical integrity of the well will be 


demonstrated annually using annulus pressure tests (APT), mechanical integrity tests (MIT), 


and/or approved cased-hole wireline logging tools (differential temperature survey). Additionally, 


the annulus system will be continuously monitored to detect for the potential loss of integrity. Such 


monitoring would also result in the immediate, “real-time” detection of any substantive changes 


in injection pressures or the rate of flow of injectates into the well. Automatic alarm and shutoff 


systems will be set to trigger digital notification and audible alarms in the event of loss of integrity, 


notifying Lapis Energy’s operations personnel immediately. Due to this robust system of 


monitoring and rapid leak detection, the severity and impact of such an incident is expected to be 


minor. Therefore, it is expected that a loss in injection well integrity will not provide an imminent 


risk to human health, resources, or infrastructure.  


4.3.2 Response Actions 


If it is determined that an injection well has suffered a loss of mechanical integrity, either by 


unexplained deviations observed during continuous monitoring or during annual mechanical 


integrity testing, Lapis Energy will:  


1. Immediately cease injection operations (if not already triggered by automatic shut-off).  


2. Notify the UIC Program Director within 24 hours of the emergency event, per 40 CFR 


146.91(c). 


3. Determine the severity of the event, based on the information available, within 24 hours of 


notification. 


If a loss of mechanical integrity is determined to have occurred, Lapis Energy will initiate the 


additional steps identified below:  


1. Initiate the shutdown plan, which will cut off injection operations to the affected well. 
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2. If contamination is detected, the facility will identify and implement appropriate remedial 


actions (in consultation with the UIC Program Director). 


3. Run well diagnostics to determine the physical location of leak(s) in the wellbore. 


4. Perform remedial workover operations on the well to reestablish mechanical integrity (in 


consultation with the UIC Program Director). 


Once a solution, remedy, or course of action has been determined Lapis Energy will: 


1.  Notify the UIC Program Director regarding when injection can be expected to resume.  


2. Will restore and demonstrate the mechanical integrity of the affected injection well to the 


satisfaction of the UIC Program Director prior to resuming injection operations. 


4.3.3 Response Personnel and Equipment 


The initial personnel responsible for monitoring well integrity will be site personnel involved with 


the well operations: the Operations Manager and his team, the Environmental Health and Safety 


Manager, and the Drilling Manager. If well integrity has been lost, additional personnel such as, 


engineering and remediation specialists, will be consulted to determine the extent of the problem 


and establish a path/solution. The equipment involved in such remediation would likely range from 


the use of wireline investigative tools, pressure testing gauges, and other remedial equipment, to 


the potential replacement of the failed surface or downhole equipment, as deemed necessary. 


External specialists visiting the site will have to adhere to the same safety protocols and standards 


as Lapis Energy personnel.  


Refer to Section 5.0 for contact details. 


4.4 INJECTION WELL MONITORING EQUIPMENT FAILURE 


Lapis Energy will install and use continuous recording devices to monitor injection pressure, rate, 


and volume; the pressure on the annulus between the tubing and the long string casing; the annulus 


fluid volume added; and the temperature of the CO2 stream, as required per 40 CFR 146.88(e)(1), 


146.89(b), and 146.90(b). The failure of installed equipment designed to continuously monitor 


wellhead pressure, temperature, and/or annular pressure may indicate a mechanical problem has 


developed in the injection well that could endanger the USDW. All such monitoring equipment 
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will integrate automatic alarms that, in addition to immediately notifying the appropriate 


personnel, may trigger an automatic shutdown of injection operations if a serious mechanical 


problem is detected. 


4.4.1 Impact Severity and Risk 


The likelihood of failure of one or more of the monitoring components is dependent on the routine 


maintenance and calibration of such equipment. Lapis Energy will implement a routine inspection 


and calibration schedule designed for all equipment, including monitoring equipment, that will be 


utilized in ongoing facility operations. The risk of such equipment failure would thus be low. The 


impact severity would also be low since the failure of any one component of the monitoring system 


will not constitute or lead to an immediate risk to human health or infrastructure. Instead, such a 


failure would simply and temporarily halt injection operations at the facility until the equipment 


that has failed has been repaired or replaced. 


4.4.2 Response Actions 


If a component of the monitoring system fails, the following response actions will be performed: 


1. Notify the UIC Program Director within 24 hours of the emergency event, per 40 


CFR 146.91(c).  


2. Determine the severity of the event, based on the information available, within 24 


hours of notification. 


After the initial assessment, Lapis Energy will: 


1. Initiate shutdown plan and cease injection to the affected well(s). 


2. Identify the monitoring equipment that either failed or alerted the system to the 


occurrence of such a failure.  


3. Verify that the failure that occurred is only associated with the failure of a 


component of the monitoring system. IF it is determined that the failure is also 


attributable to a loss of well integrity, follow procedures in Section 4.3 of this plan 


as well. 
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4. Check the calibration and run a diagnostic analysis of the equipment that is 


indicated to have failed per manufacturers specifications. 


5. If possible, repair and recalibrate the equipment that failed. Otherwise, replace the 


equipment that failed with new equipment of a similar or better design. 


6. Validate and demonstrate that the repaired or replaced equipment has been 


successfully brought back online and has continuous monitoring capabilities. 


7. Resume injection operations once the complete monitoring system has been 


restored to full capability and is fully online. 


4.4.3 Response Personnel and Equipment 


The personnel responsible for response will be those involved with the well operations: the 


Operations Manager and his team, the Environmental Health and Safety Manager, and the Drilling 


Manager. The equipment involved in such remediation would likely range from the use of pressure 


testing gauges and other remedial equipment to the potential replacement of the failed monitoring 


equipment, as deemed necessary. 


Refer to Section 5.0 for contact details. 


4.5 POTENTIAL INJECTATE LEAKAGE TO A USDW DURING OPERATIONS 


Elevated concentrations of an indicator parameter detected in groundwater samples or other 


evidence of fluid (brine) or CO2 leakage into the USDW may be detected during routine sampling. 


The vertical migration of CO2 could potentially occur in an injection well, a monitor well, through 


natural defects in the confining zone, or in a pre-existing artificial penetration (i.e., a legacy well) 


which may act as a conduit to the USDW within the AoR.  


The detection of vertical injectate leakage above the Confining Zone (ACZ) will be facilitated by 


the real-time continuous monitoring of reservoir pressure as well as adaptive sampling of the saline 


Tokio Formation, if triggered via pressure and temperature changes. Sampling at any point during 


injection operations, will be compared to the established baseline sample collected pre-injection. 


Adaptive groundwater sampling is detailed in the “E.1 - Testing and Monitoring Plan” submitted 


in Module E. Adaptive sampling (frequency and spatial distribution) of the formation directly 
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overlying the confining zone, may also trigger sampling of shallow ground water monitoring wells 


completed within the Sparta Aquifer system. 


4.5.1 Impact Severity and Risk 


Significant mechanical barriers to CO2 leakage and robust monitoring controls will be put in place 


to reduce the potential risk of vertical CO2 leakage to the USDW.  In the injection well, all casing 


strings will be cemented to surface. The cement used across the targeted injection zones of the 


Lower Hosston and Cotton Valley Formations,  will be comprised of a CO2 resistant cement. There 


are no known faults or fractures within the modeled AoR that could act as conduits. No faults of 


fractures have been identified with either the existing well data or with the existing 2D seismic 


data that has been acquired and reprocessed. Artificial penetrations within the modeled Plume and 


critical pressure extent are discussed in the “Area of Review and Corrective Action Plan” submitted 


in Module B and have been evaluated on their potential to act as conduits.  


Should an unlikely leakage event occur in one of the legacy wells, depending on the amount of 


CO2 or brine leakage and the time that might have elapsed between the onset and subsequent 


discovery of such a leak, the severity of such leakage event could range from minor to serious.  


4.5.2 Response Actions 


If the vertical leakage of brine or CO2 has been detected, the following initial steps will be 


performed: 


1. Notify the UIC Program Director within 24 hours of the emergency event, per 40 


CFR 146.91(c).  


2. Determine the severity of the event, based on the information available, within 24 


hours of notification. 


After the initial assessment, Lapis Energy will: 


1. Initiate a shutdown plan and cease injection operations. 


2. Identify the point of potential leakage. Potential sources to be checked are: 


a. Injection wells 
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b. Monitoring wells 


c. Legacy wells located within the AoR 


3. Initiate adaptive sampling in the ACZ Monitoring Wells. 


4. Initiate adaptive sampling of groundwater from the USDW. 


5. If the presence of indicator parameters in the groundwater is confirmed, Lapis 


Energy will develop (in consultation with the UIC Program Director) a case-


specific work plan to:  


• Install additional groundwater monitoring points near the affected 


groundwater well(s) to delineate the extent of impact; and 


• Remediate unacceptable impacts to the affected USDW. 


6. Within 24 hours of a release into the USDW, Lapis Energy will notify the local 


health authority, place a notice in a newspaper of general circulation, and notify 


adjacent landowners. 


7. Arrange for an alternate potable water supply if the contaminated USDW was being 


utilized and evidence indicates that injectate constituents introduced to the aquifer 


exceed drinking water standards. 


8. Proceed with efforts to remediate the contaminated USDW to mitigate any unsafe 


conditions (e.g., install system to intercept/extract brine or CO2 or “pump and treat” 


to aerate CO2-laden water). 


9. Continue groundwater remediation and monitoring on an adaptive basis (frequency 


to be determined by Lapis Energy and the UIC Program Director) until the adverse 


impact on the USDW has been fully addressed.  


4.5.3 Response Personnel and Equipment 


The responsible parties will be the site personnel involved with the well operations including: the 


Operations Manager and his team, the Environmental Health and Safety Manager, and the Drilling 


Manager. Additionally, the project manager, technical consultants, remediation experts, and local 


health authority will be engaged. 
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The type of equipment involved in remediation would be dependent on the type and severity of 


the leak. Such equipment would likely range from the use of workover rigs, additional CO2 


resistant cement, and other remedial equipment to the potential installation of downhole 


remediation equipment (pumps, filters, etc.), as deemed necessary. 


Refer to Section 5.0 for contact details. 


4.6 NATURAL DISASTER 


Well problems (integrity loss, leakage, or malfunction) may arise because of a natural disaster 


affecting the normal operation of the injection well. A moderate to severe earthquake could disturb 


surface and/or subsurface facilities; and weather-related disasters (e.g., tornado, hurricane, forest 


fire, or lightning strike) could temporarily affect operations of the surface and monitoring facilities.  


Note that the Lapis Energy- El Dorado Facility site is located in the Northern Gulf Coastal Plain, 


which before 1983 was a region of seismic quiescence. Waste brine disposal operations 


commenced in 1983, near El Dorado, and resulted in several documented earthquakes attributed 


to reactivation of the nearby symmetrical graben-horst fault system, the South Arkansas Fault Zone 


(Cox and VanArsdale, 1991) – located about 7 miles southeast of the facility. Historical 


documented earthquakes associated with this fault system are well below damaging levels and are 


primarily located south of the site along the fault zone and would not impact the integrity of 


injection operations. Additionally, routine sequestration operations will be performed at low 


injection rates and injection pressures will remain at below 90% of the formation fracture 


gradients. Adherence to these low injection rate, pressure and fracture gradient operations will help 


minimize any potential induced seismic events.  Detailed information on the seismicity of southern 


Arkansas within the AoR and the surrounding Union County area is contained within Section 2.5 


– Seismicity of the “Project Narrative Report” submitted in Module A.  


A potential natural disaster related to severe weather (lighting, tornadoes, flooding, freezing, forest 


fire, etc.) could temporarily impact the AoR and impede the normal operation of the facility as 


well as access to the injection and monitor wells. Over the past 20 years, the largest natural disaster 


risk is related to flooding or severe weather events.  
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4.6.1 Impact Severity and Risk 


The impact severity could range from a minor to a major event for all natural disasters. The event 


severity would be dependent upon the type and cause of the natural disaster. A severe natural 


disaster could temporarily limit safe access to the injection and monitor wells. However, historical 


weather and climate patterns of the region indicate a low level of risk for a serious event caused 


by a natural disaster. Regardless, the threat of all potentially severe event occurrences is being 


considered. 


4.6.2 Response Actions 


Regardless of the level of severity, the following initial responses will be taken: 


1. Notify the UIC Program Director within 24 hours of the emergency event, per 40 


CFR 146.91(c). 


2. Determine the severity of the event (minor, serious, or major), based on the 


information available, within 24 hours of notification. 


3. Evaluate and determine if attempted access to the injection or monitor wells 


immediately following the occurrence of such an event would constitute a risk to 


personnel safety. 


Once a severity level has been determined, additional response actions will be taken. See the 


following subsections. 


4.6.2.1 Major or Serious Emergency 


1. Initiate the shutdown plan and cease injection. 


2. Check for additional hazardous conditions that may have resulted from the natural 


disaster. 


3. Determine the accessibility to the injection and monitor wells. 


4. Perform safety checks for all personnel regarding hazards. 


a. If the site poses an immediate threat to human life or safety, evacuate the site 


to pre-determined muster points. Contact emergency personnel if warranted 


(911). Wait until the immediate threat has passed to evaluate damage and 
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develop remedial procedures with UIC Program Director and local response 


personnel. 


b. If the site can be safely accessed, secure the injection and monitor wells and the 


surrounding area. Evaluate the damage to the wells, the surface facilities, and 


to the environment and develop a procedure to remediate with the UIC Program 


Director. 


c. If contamination or the potential for endangerment is detected, identify, and 


implement appropriate remedial actions (in consultation with the UIC Program 


Director), if the site conditions are safe for personnel. 


5. Notify local health authority and first responders if the event and conditions pose a 


threat to the safety of the community. 


Once a solution, remedy, or course of action has been determined, Lapis Energy will: 


1.  Notify the UIC Program Director regarding when injection can be expected to resume.  


2. Will restore operational capability to and demonstrate the mechanical integrity of all 


injection and monitor wells to the satisfaction of the UIC Program Director prior to 


resuming injection operations. 


4.6.2.2 Minor Emergency 


1. Conduct assessment to determine whether there has been a loss of mechanical integrity 


because of the natural disaster. 


2. If there has been a loss of mechanical integrity, initiate shutdown plan and follow the 


steps outlined in Section 4.3.2 of this plan. 


Once a solution, remedy, or course of action has been determined, Lapis Energy will: 


1.  Notify the UIC Program Director regarding when injection can be expected to resume.  


2. Will restore operational capability to and demonstrate mechanical integrity of all 


injection and monitor wells to the satisfaction of the UIC Program Director prior to 


resuming injection operations. 
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4.6.3 Response Personnel and Equipment 


The response personnel that would be contacted or deployed immediately following the occurrence 


of a natural disaster will be dependent on severity of the event. At a minimum (minor event) level, 


the following personnel will be contacted: 


• Lapis Energy – Operations Manager on duty 


• El Dorado Chemical Company – GM Eldorado  


• El Dorado Chemical Company – Facility Manager on duty 


• Lapis Energy – Senior Project Manager (PM) 


• Lapis Energy - Remediation contractors 


• Lapis Energy - Corporate Communications 


If the event is serious to major, the response personnel that would be contacted may also include: 


• Local/State police 


• Fire Department 


• Federal Response Personnel 


• Disaster-specific response teams. 


A listing of all potential response personnel for the public is contained in the following section. 


Refer to Section 5.0 for contact details. 


4.7 POTENTIAL TOPSIDES FACILITY FAILURE 


Topsides (surface) facility failure will have little impact on USDW, but does have the risk of 


personnel injury, and facility shutdown. Possible over pressurization of topsides facility can result 


in catastrophic failure and potential personnel injury, as well as possible topsides facility failure 


of CO2 containment loss resulting in possible exposure to personnel (very low risk, non-confined 


space) 
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4.7.1 Impact Severity and Risk 


The design robustness will be the main mitigation against over pressurization failure and CO2 


leakage to atmosphere. While the USDW will not be affected by a potential topsides failure, it 


does pose a risk to personnel.  


Should an unlikely event occur the severity of the incident could range from minor to serious.  


4.7.2 Response Actions 


If a topsides failure has occurred resulting in personnel injury or a loss of CO2 containment, the 


following initial steps will be performed: 


1. Initiate a shutdown plan and cease injection operations as soon as the event has 


occurred. 


2. Notify the UIC Program Director within 24 hours of the emergency event, per 40 CFR 


146.91(c).  


3. Determine the severity of the event, based on the information available, within 24 


hours of notification. 


After the initial assessment, Lapis Energy will: 


1. Identify the point of potential leakage. Potential sources to be checked. 


4.7.3 Response Personnel and Equipment 


The responsible parties will be the site personnel involved with the injection operations including: 


the Operations Manager and his team, the Environmental Health and Safety Manager. 


Additionally, the Project Manager, technical consultants, remediation experts, and local health 


authority will be engaged. 


The type of equipment involved in remediation would be dependent on the type and severity of 


the failure.  


Refer to Section 5.0 for contact details. 
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5.0  OVERALL RESPONSE PERSONNEL AND EQUIPMENT 


Site personnel, project personnel, and local authorities will be relied upon to implement this ERRP. 


Site personnel to be notified (not listed in order of notification):  


Table 3: Contact Information for Project Blue Affiliated personnel (table will be updated prior to 


permit to construct, based on most up to date information) 


Company Authority or Location Phone Number 


Lapis Energy (AR Development) LP Operations Manager TBD 


Lapis Energy (AR Development) LP Injection well operator on duty TBD 


Lapis Energy (AR Development) LP Project Manager  TBD 


Lapis Energy (AR Development) LP HSE Manager TBD 


Lapis Energy (AR Development) LP Corporate Communications TBD 


El Dorado Chemical Company Facilities Safety Manager(s) TBD 


El Dorado Chemical Company Environmental Manager(s) TBD 


El Dorado Chemical Company Plant Manager  TBD 


El Dorado Chemical Company Plant Superintendent TBD 


El Dorado Chemical Company All facility personnel TBD 


Lapis Energy (AR Development) LP Remediation contractors TBD 


Lapis Energy (AR Development) LP Well Engineering manager  TBD 


Lapis Energy (AR Development) LP Drilling “tool pusher” rig chief, TBD 


Lapis Energy (AR Development) LP Drilling The company man TBD 


Lapis Energy (AR Development) LP Drilling project supervisor TBD 


A site-specific emergency contact list will be developed and maintained during the life of the 


project. Lapis Energy will provide the current site-specific emergency contact list in Table 3 to the 


UIC Program Director. 
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Table 4: Contact Information for Key Local, State, and Other Authorities 


Agency Authority or Location Phone Number 


Local Police El Dorado Police Department 911 or (870) 881-4800 


Local Fire El Dorado Fire Department 911 or (870) 881-4855 


Local Hospital Medical Center of South Arkansas 911 (870) 863-2000 


Local County Emergency Management 
Union County Office of Emergency 


Management 
870-864-1906 (TBC) 


Sheriff Union County Sheriff’s Office 911 or (870) 864-1970 


State Police Arkansas State Police 911 or (501) 618-8000 


State Emergency Management Agency 
Arkansas Division of Emergency 


Management (ADEM) 
(501) 683-6700 


Environmental Services Contractor Vendor to be Determined -- 


ADEQ UIC Program Director North Little Rock, Arkansas (501) 682-0744 


EPA Region 6 UIC Class VI Director Dallas, Texas (214) 665-7150 


EPA National Response Center (24 hours) -- (800) 424-8802 


Arkansas State Geological Survey North Little Rock, Arkansas (501) 296-1877 


Equipment needed in the event of an emergency and remedial response will vary, depending on 


the triggering of the emergency event. Response actions (cessation of injection, well shut-in, and 


evacuation) will generally not require specialized equipment to implement. When additional 


specialized equipment (such as a drilling rig or logging equipment) is required, Lapis Energy shall 


be responsible for its procurement.  


At any given moment the public might have questions with regards to the ongoing operations, 


not related to a specific emergency event. To accommodate these questions Lapis Energy has 


implemented an email address (Info@eldoradoCCS.com) and phone number (870) 724-4016, 


where the public can make general inquiries, with regards to the project. These communication 


channels will be promoted on the Lapis Energy website and via other means.  



mailto:Info@eldoradoCCS.com
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6.0  EMERGENCY COMMUNICATIONS PLAN 


At the earliest possible opportunity, Lapis Energy will promptly communicate to the public about 


any event that requires an emergency response. This will ensure that the public understands what 


happened and whether there are any environmental or safety implications. The amount of 


information, timing, and communications method(s) will be appropriate to the event, its severity, 


whether any impacts to drinking water or other environmental resources occurred, any impacts to 


the surrounding community, and their awareness of the event.  


Lapis Energy will describe what happened, any impacts to the environment or other local 


resources, how the event was investigated, what responses were taken, and the status of the 


response. For responses that occur over the long-term (e.g., ongoing cleanups), Lapis Energy will 


provide periodic updates on the progress of the response action(s). 


Lapis Energy will also communicate with entities that may need to be informed about or act in 


response to the event, including local water systems, pipeline operators, landowners, and Regional 


Response Teams (as part of the National Response Team). Additional agencies will be contacted 


if affected. 


An emergency contact list will be maintained during the lifetime of the project (Construction, 


Operation, and Closure). The emergency contact list will be comprised of all facility management 


and essential personnel that would be notified, activated and/or deployed in the case of an event. 


One person will be designated by the facility to handle all points of communication with the public. 
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7.0  PLAN REVIEW PROCESS 


This ERRP shall be reviewed: 


• At least once every five (5) years following its approval by the permitting agency; 


• Within one (1) year of any AOR re-evaluation; 


• Within one (1) year following any significant changes to the injection process or the 


injection facility, or an emergency event; or 


• As required by the permitting agency.  


If the review indicates that no amendments to the ERRP are necessary, Lapis Energy will provide 


the permitting agency with the documentation supporting the “no amendment necessary” 


determination. 


If the review indicates that amendments to the ERRP are necessary, amendments shall be made 


and submitted to the permitting agency within a reasonable timeframe to be agreed upon with all 


affected parties and authorized regulatory bodies following an event that initiates the ERRP review 


procedure. 


  







Revision Number: 0 


Revision Date: January 2023 


Module E – Project Plan Submission 


Emergency and Remedial Response Plan for Project Blue 


Class VI Permit Number: R06-AR-0001  Page 30 of 30  


8.0  STAFF TRAINING AND EXERCISE PROCEDURES 


Lapis Energy will develop a training plan (with accompanying manual) for all facility employees. 


The manual will be developed in alignment with standards set forth by the Occupational Safety 


and Health Administration (OSHA). Training will be provided to all personnel that will be 


involved with the injection and monitor wells, the monitoring systems, and the surface facility 


systems. Training will be periodic and completed on an annual basis (at a minimum). 


All personnel will be required to wear personal protective equipment (PPE) while they are working 


at the project site. The minimum PPE that will be required while onsite will apply to all personnel, 


contractors, and visitors: It will consist of the following: 


• Hard hats 


• Safety glasses 


• Protective footwear (safety-toed boots) 


The specific training, required PPE, and exercise plan will be finalized once the project is ready to 


go online. All personnel will be trained prior to the commencement of operations at the El Dorado 


Facility site. Personnel will also participate in routine retraining and skill-specific “refresher” 


courses over the life of the project. Some roles will require annual, or semi-annual, updates to their 


training program (to be identified once those roles are established). 
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      Are You Making a Testing and Monitoring Plan Submission at this Time: Yes 


Reason for Project Plan Submission: Permit Application Submission 


Project Plan Upload 


      Attach the Testing and Monitoring Plan: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-AR-0001/Phase1-PreConstruction/ProjPlan-02-


15-2023-1718/E.1--TMP--Plan_Lapis--Energy_Rev0_Jan2023.pdf 


Appendices and Supporting Materials Upload 


      Attach Any Supporting Documentation for the Testing and Monitoring Plan: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-AR-


0001/Phase1-PreConstruction/ProjPlan-02-15-2023-1718/E.1a--QASP_Lapis--Energy_Rev0_Jan2023.pdf 


 


Injection Well Plugging 


      Are You Making an Injection Well Plugging Plan Submission at this Time: Yes 


Reason for Project Plan Submission: Permit Application Submission 


Project Plan Upload 


      Attach the Injection Well Plugging Plan: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-AR-0001/Phase1-PreConstruction/ProjPlan-02-


15-2023-1718/E.2--IP--Plan_Lapis--Energy_Rev0_Jan2023.pdf 


Appendices and Supporting Materials Upload 


      Attach Any Supporting Documentation for the Injection Well Plugging Plan: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-AR-


0001/Phase1-PreConstruction/ProjPlan-02-15-2023-1718/IWP-----Dummy--Flle.pdf 


 


PISC and Site Closure 


      Are You Making a Post-Injection Site Care and Site Closure Plan Submission at this Time: Yes 


Reason for Project Plan Submission: Permit Application Submission 


Project Plan Upload 


      Attach the Post-Injection Site Care and Site Closure Plan: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-AR-0001/Phase1-


PreConstruction/ProjPlan-02-15-2023-1718/E.3--PISC--Plan_Lapis--Energy_Rev0_Jan2023.pdf 


Appendices and Supporting Materials Upload 


      Attach Any Supporting Documentation for the Post-Injection Site Care and Site Closure Plan: 


https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-AR-0001/Phase1-PreConstruction/ProjPlan-02-15-2023-1718/PISC-----Dummy--Flle.pdf 


 


Emergency and Remedial Response 


      Are You Making an Emergency and Remedial Response Plan Submission at this Time: Yes 


Reason for Project Plan Submission: Permit Application Submission 


Project Plan Upload 


      Attach the Emergency and Remedial Response Plan: https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-AR-0001/Phase1-


PreConstruction/ProjPlan-02-15-2023-1718/E.4--ERR--Plan_Lapis--Energy_Rev0_Jan2023.pdf 


Appendices and Supporting Materials Upload 


      Attach Any Supporting Documentation for the Emergency and Remedial Response Plan: 


https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-AR-0001/Phase1-PreConstruction/ProjPlan-02-15-2023-1718/ERRP--Dummy--Flle.pdf 


 


Complete Submission 


Authorized submission made by: Rajiv Manhas 


For confirmation a read-only copy of your submission will be emailed to:    skonings@lapisenergy.com 
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https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-AR-0001/Phase1-PreConstruction/ProjPlan-02-15-2023-1718/E.2--IP--Plan_Lapis--Energy_Rev0_Jan2023.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-AR-0001/Phase1-PreConstruction/ProjPlan-02-15-2023-1718/E.2--IP--Plan_Lapis--Energy_Rev0_Jan2023.pdf

https://gsdt.pnnl.gov/alfresco/service/velo/getFile/no_wiki/shared/Submissions/R06-AR-0001/Phase1-PreConstruction/ProjPlan-02-15-2023-1718/IWP-----Dummy--Flle.pdf
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